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A series of 58 operations on 56 patients, in whom a branch of the superficial temporal 
artery was anastomosed to a branch of the middle cerebral artery (STA-MCA bypass 
or Yasargil procedure), is reviewed. These operations were performed chiefly for occlu- 
sions or for inaccessible stenotic lesions of the internal carotid or middle cerebral arteries. 
Patency in eight patients operated on from April 1971 through November 1973 was low 
(25%). Patency in patients operated on since July 1974 has been high (95%). There 
have been no deaths and no major ischemic strokes attributable to the surgery. The 
rationale for this procedure is considered in relationship to the anatomy and physiology 
of the cerebral circulation and the pathogenesis of syndromes of cerebral ischemia. The 
operation appears to have a low morbidity in good-risk patients. The role of this operation 
in managing common manifestations of cerebral vascular disease such as focal transient 
cerebral ischemic attacks (TIAs) and amaurosis fugax, although not fully established, 
appears encouraging. The procedure seems useful for orthostatic cerebral ischemia 
caused by multiple occlusions of major extracranial (and intracranial) vessels and, occa- 
sionally, for progressing strokes related to internal carotid artery occlusion, both of which 
are relatively uncommon manifestations of cerebral vascular occlusive disease. It may have 
application in the rare “slow stroke.” The procedure is probably of limited value, if 
any, in the management of large completed infarcts but may be indicated in selected 
patients with small infarctions who have preserved most of their cerebral function and 
who have had evidence of subsequent focal ischemic events. The procedure is useful 
for bypassing giant aneurysms or basofrontal tumors invading major vessels. It may 
have a role in the management of fibromuscular disease of the internal carotid artery. 


Yaşargil and associates, +? after extensive laboratory work with Donaghy,* 
performed the first anastomosis of the superficial temporal artery to a 
branch of the middle cerebral artery. Since that date, almost a decade 
ago, this operation has been used with varying frequency in a number of 
centers throughout the world. +7 

The purpose of this report is to evaluate the indications for this pro- 
cedure and to discuss the results and complications noted in our series. 
We will consider the rationale for the operation and attempt to place 
in some perspective its possible role in the management of occlusive 
vascular disease of the carotid system. The surgical technique is essen- 
tially that described by Yaşargil and associates *? with minimal modifica- 
tions.8 Typical and unusual cases will be described to illustrate the 
types of patients operated on and the complications encountered. 
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NEUROLOGIC EVALUATION 

All patients had a detailed neurologic examination 
by a member of our Department of Neurology at 
the time of admission to the hospital. Thereafter, 
they were evaluated daily during their hospital course. 
Those patients who did not return for follow-up exam- 
ination after dismissal were contacted by telephone 
to determine their current clinical condition. 

i Retinal artery pressures (RAPs) were obtained rou- 
ki tinely before and after surgery. These measurements 
rs were repeated during the follow-up examination. 
hed Changes in RAP served to indicate the relative increase 
bY in perfusion pressure to the carotid system from a pa- 
i ! tent bypass graft. These data will be reported 
} elsewhere. ? 

ri Patients were categorized clinically according to 
bi the following defined symptom complexes. 

f Transient Ischemic Attacks. Retinal (Amaurosis 
Fugax).—Transient monocular blindness usually lasts 
less than 1 hour and most commonly lasts only 3 to 


i+ 5 minutes. The onset is rapid, often described as a 
i} shade coming down slowly over one eye. A positive 
3 scotoma is on occasion reported preceding the 
l i blindness. 

| 


Cerebral.—A transient focal neurologic deficit 
of less than 24 hours’ duration is considered to 
represent a transient cerebral ischemic attack (TIA). 
Carotid system TIAs are most commonly manifested 
by transient weakness or numbness in the hand area 
and, when the dominant hemisphere is involved, 
by dysphasia. Severe TIAs produce a transient hemi- 
paresis. Localization of a focal deficit to the foot 
alone is a most uncommon form of TIA. 

Cerebral Infarction.—A neurologic deficit persist- 
ing longer than 24 hours is considered to result from 
a cerebral infarction. Infarction denotes death of 
tissue. Infarction usually produces a permanent def- 

= icit but small infarctions can result in a reversible 
= deficit, which has been referred to by some as a 
= reversible ischemic neurologic deficit (RIND). This 
: term was not used as a descriptive term in this 


pupi i 
= Progressing Stroke.—This is a progressive stepwise 
“neurologic dysfunction evolving over a period of 
hours or days. The temporal profile is characteris- 
tic; t dysfunction begins as a relatively minor deficit 
culminates in a major deficit in the absence of 
ani 
—This is a most uncommon entity 
poral profile is slow, often over a 
and not stepwise as in a progressing 
(0) en suggests the presence of 
t often is most severe In 


the foot, a symptom related to ischemia in the 
watershed zone of cerebral perfusion. 

Primary Orthostatic Cerebral Ischemia.—This term 
describes generalized, nonfocal, cerebral hypoten- 
sion related to erect position in a patient with multi- 
ple occlusions of major extracranial vessels. The 
patient complains, on standing up, of light-headed- 
ness, a fainting sensation, or actual syncope. This 
must be distinguished from systemic orthostatic hypo- 
tension in which the systemic blood pressure de- 
creases when the patient rises. Difficulty in walking, 
unsteadiness of gait, and dimness in vision may occur 
transiently. RAPs have an orthostatic decrease dis- 
proportionate to that of the systemic pressure. 
Episodes of focal ischemia, transient or culminating 
in infarction, may also occur. Although the family 
may report changes in behavior or memory, this 
group of patients is different and separate from those 
suffering from senile dementia. 

Ischemic Pain.—Pain referred to the eye or tem- 
poral area is sometimes present in patients suffering 
from a high-grade stenosis or occlusion of the internal 
carotid artery. Typically this pain is worse with erect 
posture. The mechanisms for this type of pain will be 
considered elsewhere. !° 


VASCULAR EVALUATION 

Angiograms were performed before surgery in all 
patients. The patency of the anastomosis was eval- 
uated in the immediate (24 hours) postoperative 
course by an ultrasound blood-flow detector. If 
doubt existed about patency, an angiogram was 
done at this time. However, angiograms were, in 
most cases, done at the time of follow-up examina- 
tion. In those patients in whom a return visit was 
unlikely because of travel distance or other reasons, 
an angiogram was done before dismissal. 

The ultrasound blood-flow detector is a highly 
reliable, noninvasive means of examining blood flow 
through the anastomosis. When used over the site 
of anastomosis, this probe identifies two sounds. 
One represents a background hum, likely originat- 
ing from the general cranial circulation; it is not 
altered by digital occlusion of the superficial temporal 
artery. The other sound arises from blood flow 
through the anastomosis and is obliterated by pres- 


sure over the parent superficial temporal artery 
proximal to the site of anastomosis. This latter sound 


has characteristic systolic and diastolic phases and is 
higher pitched and louder than the former; it has 
many qualities similar to the bruits heard with a 
stethoscope over large arteries at sites of turbulent 


flow. 
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Table 1.—Early Experience With Bypass Procedures, 1971 to 1973 
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Age; Vascular Anastomosis Clinical 
Case sex Date pathology* Clinical symptoms patent result Comment 
1 51;M 4/19/71 Bilateral ICA Orthostatic cerebral No No change Memory and intellectual impair- 
occlusions ischemia ment 
2 56;M 4/24/72 MCA stenosis Progressing stroke No Poor Progressive deficit on anticoagu- 
with infarction lants; hemiplegia at time of 
surgery 
3 520 5/11/73 Giant aneurysm Headache; lesion of No Excellent Had previous common carotid 
cranial nerve VI ligation; ICA ligated after STA- 
MCA* anastomosis 
4 44; M 7/1/73 Bilateral ICA Orthostatic cerebral No Poor 
occlusions ischemia 
64; M 7/26/73 ICA occlusion Progressing stroke Yes Excellent Focal deficit primarily in lower 
extremity; residual deficit in 
foot 
62; M 10/3/73 Bilateral ICA Orthostatic cerebral Yes Excellent Major improvement in speech; 
occlusions ischemia; dysphasia RAPs increased postoperative- 
ly 
46; M 11/8/73 Fibromuscular Small infarction; No Excellent TIAs related to position, speech, 
disease frequent TIAs and arm; unilateral headache 
60; M 11/27/73 Ipsilateral ICA Orthostatic cerebral No No change Focal deficit primarily in lower 
occlusion; ischemia; old extremity 
contralateral infarction 
ICA siphon 
stenosis 


Blood flow was determined with the use of a Dop- 
pler velocity flow probe and the postoperative angio- 
gram. The volume of flow was computed from the 
velocity of the flow and the diameter, and hence 
area, of the artery at the point of velocity analysis. 
Technical considerations and results of this mea- 
surement will be considered elsewhere. 1! 


CASE MATERIAL 

Preliminary Experience (January 1971 to January 
1974).—Patients in this group, in general, presented 
with urgent or semi-urgent problems and were of- 
ten operated on as emergencies, the surgery repre- 
senting a desperate effort. The cases are summarized 
in Table 1. 

Recent Experience (July 1974 to July 1976).—Pa- 
tients in this group were usually operated on as 
elective cases. This series was begun after further 
laboratory work to perfect microsuture techniques. ë 


RESULTS 

Graft Patency.—Patency in the early series was 25%. 
Patency in the recent experience was 95%. Causes 
for early graft failure included trauma to vessels at 
the site of anastomosis, poor coaptation of endo- 
thelial surfaces along the suture line, small super- 
ficial temporal artery branch (less than 1.0 mm OD), 
small recipient cortical vessel (less than 1.0 mm OD), 
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“ICA = internal carotid artery; MCA = middle cerebral artery; STA = superficial temporal artery. 


and damage to the superficial temporal artery as it 
was dissected from the scalp. The reversal of the 
initial pathologic process in the internal carotid 
artery, leading to a marked reduction in flow 
through the graft, resulted in a late (over 6 weeks) 
occlusion in one case. 


Arterial Pathology.—tThe arterial pathology in these 
58 cases included: internal carotid occlusion (35), 
fibromuscular disease (7), middle cerebral artery 
stenosis (5), carotid siphon stenosis (5), aneurysm 
(4), Moya-Moya (1), and invasion of vessel wall 
by tumor (1). 


Clinical Symptomatology.—An evaluation of the 
individual patient’s general medical and neurologic 
condition at the time of follow-up examination is 
included in the data of Tables 1 and 2. However, 
these patients often were suffering from more than one 
symptom complex of cerebral ischemia. Therefore, 
it is necessary to consider the apparent result of 
the operative procedure according to the clinical 
categories used for analysis (the number of symp- 


tom complexes exceeds the number of patients oper- 
ated on). 


Transient Ischemic Attacks.—1. Amaurosis fugax: 
present in four cases; there was no recurrence of 
symptoms following successful surgery in this group. 
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Age; 
sex 
61; M 
36; M 


46; F 


56; M 


54; M 


58; F 


7 F 
60; M 


73; M 


Date 
719/74 


7119/74 


8/20/74 


10/14/74 


10/18/74 


10/30/74 


11/13/74 


11/21/74 


12/2/74 


12/27/74 


1/13/75 


3/10/75 


3/24/75 


5/13/75 


6/9/75 
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Table 2.—Experience With Bypass Procedures, 1974 to 1976 


Vascular 
pathology* 


Bilateral ICA 
occlusions 
MCA stenosis 


ICA occlusion 


Bilateral ICA 
occlusions 


MCA stenosis; 
carotid stenosis 


Bilateral 
siphon 
stenosis 
Giant aneurysm 


ICA occlusion 


ICA occlusion 


ICA occlusion 


Bilateral ICA 
occlusions 
ICA occlusion 


ICA fibromuscular 
disease 


ICA fibromuscular 
disease 
ICA occlusion 


Giant aneurysm 
ICA occlusion 


ICA occlusion 

ICA fibromuscular 
disease 

ICA occlusion 

ICA siphon 

= stenosis 


Clinical symptoms 


TIAs; orthostatic 
cerebral ischemia 
TIAs 


Slow stroke; 
infarction 


Progressing stroke; 
orthostatic 
cerebral ischemia 

Infarction 


Infarction; TIAs 


Ophthalmoplegia; 
retro-orbital pain 

Amaurosis fugax; 
TIAs 

TIAs 


Amaurosis fugax; 
TIAs 


Orthostatic cerebral 
ischemia 

Amaurosis fugax; 
TIAs 


TIAs; headache 


Amaurosis fugax; 
venous-stasis 
retinopathy 

SAH; infarct 

Slow stroke 


TIAs 
TIAs; headache 


Slow stroke 
TIAs 


Orthostatic cerebral 
ischemia 
TIAs 


Anastomosis 
patent 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 


Yes 
Yes 


Yes 


Yes 


Yes 


Yes 


Clinical 
result 


Good 
Excellent 


Fair 


Good 


Fair 


Excellent 


Excellent 
Excellent 


Excellent 


Excellent 


Good 


Excellent 


Excellent 


Excellent 
Excellent 
Excellent 
Fair 


Excellent 
Excellent 


Good 
Excellent 


Good 


Excellent 


Comment 


See case reports 


Maintained on long-term antico- 
agulants 

At surgery major conducting ves- 
sels were occluded; RAPs in- 
creased postoperatively 

Deficit most prominent in lower 
extremity; hand and speech 
also involved 

Improvement no different fron: 
that expected from iniciction 
without treatment 

Bilateral stenotic lesior: 
gressed to occlusions d 
follow-up 

Subsequent ICA ligation 


TIA in postoperative period 


Two to three TIAs per week while 
on anticoagulants preopera- 
tively; hand, foot, and speech 
affected 

TIAs persisted on anticoagulants 
(poorly controlled) before sur- 
gery 


Ischemic symptoms atypical, lo- 
calized to lower extremity; 
RAPs increased postoperatively 

Bypass grafts patent, previous 
fibromuscular disease no 
longer apparent; bilateral pro- 
cedures 


See case reports 


See case reports 

Ambulatory; no progression of 
paresis but no improvement 

No further TIAs 


See case reports 

Transient ischemic symptoms in 
foot area 1 week postopera- 
tively 

See case reports 
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Table 2.—Continued 


Age; Vascular Anastomosis Clinical 
Case sex Date pathology* Clinical symptoms patent result Comment 
32 6; F 9/3/75 Moya-Moya Slow stroke; TIAs Yes Good Slow improvement in the pre- 
viously progressing paresis 
33 48;M 9/19/75 Siphon stenosis Slow stroke Yes Fair Stable; little improvement 
34 60; M 11/10/75 Bilateral ICA Slow stroke Yes Good 
occlusions 
35 44; M 11/12/75 Siphon stenosis TIA Yes Good Remains on anticoagulants 
36 67; M 11/18/75 Bilateral ICA Orthostatic cerebral Yes Good Aphasia, right hemiparesis im- 
occlusions ischemia; pro- proved 
gressing stroke; 
infarction 
37 75; M 11/28/75 Bilateral ICA Orthostatic cerebral Yes Fair Speech unchanged; other symp- 
occlusions ischemia; infarction toms improved 
47; F 12/30/75 Fibromuscular TIAs No Excellent Apparent reversal of fibromuscu- 
disease lar disease process on repeat 
angiograms 
39 55;M 1/2/76 ICA occlusion Infarction; TIAs Yes Excellent he 
40 66; M 1/8/76 Right ICA TIAs Yes Excellent See case reports 
occlusion 
41 57; M 1/22/76 ICA occlusion Ischemic eye pain Yes Excellent Eye pain subsided immediately 
postoperatively 
42 37; F 2/25/76 Basofrontal Orthostatic cerebral Yes Excellent Tumor invading vessel wall 
meningioma ischemia 
43 52; M 3/8/76 ICA occlusion Small infarct Yes Excellent Patient under observation with 
known ICA occlusion 1 year 
before infarction and subse- 
quent bypass surgery 
44 72; M 3/15/76 ICA occlusion TIAs Yes Excellent See case reports 
45 61;M 3/26/76 ICA occlusion Orthostatic cerebral Yes Excellent 
ischemia 
46 69; M 3/30/76 MCA stenosis Progressing stroke Yes Fair Progression arrested 
47 52; F 4/9/76 ICA occlusion Slow stroke Yes Good rae 
48 73;M 4/21/76 ICA occlusion TIAs Yes Excellent TIAs persisting on anticoagulants 
49 32; F 4/16/76 ICA occlusion TIAs Yes Excellent TIAs persisting on anticoagulants 
50 60; M 5/18/76 ICA occlusion TIAs Yes Good 
51 56;M 6/9/76 MCA stenosis TIAs; small infarct Yes Excellent die 
52 59; F 7/1/76 ICA occlusion TIAs; slow stroke Yes Excellent See case reports 
53 41; F 7/8/76 ICA occlusion TIAs; infarction Yes Good Simultaneous patch graft to ex- 
ternal carotid artery 
54 5M 7/12/76 ICA giant Proptosis; headache Yes Excellent Simultaneous ICA ligation 
aneurysm 
55 57; M 7/16/76 Ipsilateral TIAs; slow stroke; Yes Excellent Performed endarterectomy on 
ICA occlusion; orthostatic cerebral contralateral side 10 days be- 
contralateral ischemia fore bypass graft 
ICA stenosis 
56 32; F 7/23/76 Bilateral ICA Small infarction and Yes Excellent Very small STA branches 
siphon stenosis; TIA 
left ICA dissec- 
tion 
57 40; F 7/28/76 Fibromuscular TIAs; small infarction Yes Excellent Coexisting fibromuscular disease 
disease; ICA of renal arteries 
58 32; F 7/28/76 Occlusion of ICA TIAs; small infarction Yes Excellent Fibromuscular disease of oppo- 


at origin of 
and involving 
MCA 


site ICA 


we Se Ee ee ee 
*ICA = internal carotid artery; MCA = middle cerebral artery; SAH = subarachnoid hemorrhage; STA = superficial temporal artery. 


tSame patient. 
Same patient. 
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2. Cerebral: present in 27 cases. In two patients, 
: both suffering from apparent fibromuscular dyspla- 
hee 4 sia of the internal carotid artery, the bypass graft 
occluded. TIAs did not return in either of these pa- 
tients. The fibromuscular process progressed to occlu- 
i sion in one patient but reversed to normal in the other 
|! patient. In the 25 cases in which the bypass graft 
| remained patent, TIAs did not recur. 
| 
j 
ł 


Cerebral Infarction.—This was present in 14 cases. 
A patent bypass graft did not seem to alter the rate 
of recovery from a completed infarction in this group. 
However, a recurrent or additional infarction in the 
appropriate hemisphere did not occur during the 
period of follow-up in any of these patients. 
i Progressing Stroke.—This was present in five cases. 
The graft did not remain patent in one case, in 
which the stroke continued to progress. In the four 
y cases in which the graft remained patent, there was 
kipi excellent recovery in one, good recovery in two, 
| and arrest of progression in one patient who sub- 
iz sequently died from a myocardial infarction after 
k dismissal from the hospital. 
j Slow Stroke.—This existed in nine cases. The graft 
remained patent in seven patients, and progression 
i of symptoms ceased in four. Two patients had 
slight improvement in the preexisting deficit; one 
f 


patient had early improvement but, 6 months later, 
deterioration occurred. No patients had dramatic 
if improvement. 

j Primary Orthostatic Cerebral Ischemia.—This was 
present in 13 cases. The graft occluded in three 
. patients, who remained unchanged from their preop-’ 
: erative condition. The graft remained patent in nine 
patients and major improvement occurred in each. 


E Ischemic Pain.—This was present in one case. 
¿Successful bypass surgery produced dramatic relief of 
pain in this patient. 

Giant Aneurysm or Basofrontal Mass.—One of 
= these lesions was present in five cases. The graft 
= occluded in two patients, who thereafter tolerated 
ligation of the internal carotid artery without incident. 
‘The graft remained patent in three cases, becoming 
‘the major source of middle cerebral artery flow in one 
ient and producing dramatic relief of symptoms 


considered above, other complications were 
tered. There were minor problems with a 
tion of the scalp incisions in some of the 
is was avoided later by using a wider- 


lp flaps No patients had infection or major 
e 
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Four patients had TIAs in the postoperative period 
(none of these patients had been operated on for 
TIA). All responded well to anticoagulation. One 
patient (see below, case 28) developed a cerebral 
infarction 6 weeks after surgery—related, apparent- 
ly, to temporary occlusion of the bypass graft. 

One patient (see below, case 9) sustained an intra- 
cerebral hematoma in the immediate postoperative 
period. This was deep to the site of anastomosis 
and apparently arose from a ruptured parenchymal 
vessel. 


Typical Cases. TIA and Carotid Occlusion, Case 40.—- 
This 66-year-old retired laborer with hyperte: 
teriosclerotic heart disease, and occlusive peripheral 
vascular disease was seen in January 1976 afte: 
encing five episodes of transient numbness involving 
left arm. The first occurred in February 1975, the ot 
just before evaluation at this clinic. These episodes were 
believed to represent TIAs, although they had failed to 
respond to treatment with warfarin. A right carotid bruil 
had been heard in the past but, on examination here, 
was not present. RAPs were significantly reduced on the 
right, being recorded as 79/33 compared to 127/55 on 
the left. There was no neurologic deficit. Angiography 
showed occlusion of the right internal carotid artery just 
distal to its origin and moderate atheromatous change 
involving the left carotid siphon. Intracranially, the right 
anterior cerebral artery filled on cross-fill from the left 
while the right middle cerebral and posterior cerebral 
arterial groups filled via collaterals through the right 
ophthalmic artery. A right superficial temporal-to-middle 
cerebral branch anastomosis was done, using a posterior 
branch of the superficial temporal artery. 

The postoperative course was uncomplicated. Angio- 
grams done 1 week postoperatively showed good flow 
through the anastomosis into the middle cerebral complex, 
with the superficial temporal artery being increased to 
2 mm in diameter from 1 mm preoperatively (Fig. 1). 
Flow through the anastomosis was calculated at 94 ml/min. 
The patient has remained asymptomatic over a 4-month 
follow-up. 

TIA and Carotid Occlusion, Case 44.—This 72-year-old 
retired maintenance employee returned to the Mayo 
Clinic because of TIAs involving the left upper extremity. 
He had had left carotid endarterectomy in 1974 for a 
high-grade stenosis of the left internal carotid artery. 
At that time, a high-grade stenosis was also identified 
in the right internal carotid artery. A right carotid endar- 
terectomy had been recommended to the patient on the 
basis of the angiographic appearance of the lesion. The 
patient was asymptomatic at that time and he elected not 
to have right carotid surgery. At the time of dismissal 
from the hospital in August 1974, a systolic-diastolic 
bruit was audible over the bifurcation of the right com- 
mon carotid artery. Preoperative RAPs of 15/8 bilater- 
ally had improved after endarterectomy to 52/24 on the 
right and 81/14 on the left. 

The patient returned here in March 1976, with a chief 
complaint of episodes of weakness of the left arm, noted 
particularly in the morning after ambulation. He also 
reported some unsteadiness on his feet at this time. 
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Co et a M ŘiŘŘŘ 
Fig. 1 (case 40). Postoperative angiogram 1 week after 
surgery. The diameter of the superficial temporal artery in- 
creased from 1 mm before surgery to 2 mm postoperatively. 
Arrow indicates site of anastomosis. 


These complaints were present daily. Physical examina- 
tion revealed mild decrease in the alternate-motion rate 
in the left hand. The bruit present over the right carotid 
artery at the time of dismissal from the hospital in 1974 


Fig. 2 (case 44). Postoperative angiography demonstrates 
good filling of posterior middle cerebral complex from pos- 
terior temporal branch of right superficial temporal artery. 
Anterior middle cerebral complex continued to fill from col- 
lateral circulation from opposite hemisphere. Anterior pro- 
jections indicated the arterial interface to lie at point of middle 
cerebral artery trifurcation. Arrow indicates site of anastomo- 
sis. 
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was no longer audible. RAPs at this time were 59/10 on 
the right and 89/23 on the left. 

Angiography demonstrated occlusion of the right 
internal carotid artery. At bypass surgery, a right super- 
ficial temporal artery was anastomosed to a temporal 
branch of the middle cerebral artery. The patient had an 
uncomplicated recovery and has had no recurrence of his 
preoperative symptoms. He was dismissed from the 
hospital 10 days after the operative procedure. Postopera- 
tive angiograms demonstrated a patent graft (Fig. 2). 

Orthostatic Cerebral Ischemia, Case 30.—This 57-year- 
old man was admitted to the hospital with a history of 
ataxia and of increasing impairment in memory; he often 
had attacks of syncope. His brachial blood pressure was 
170/80 mm Hg on lying down and 140/80 mm Hg on stand- 
ing. Angiography revealed occlusion of both internal carot- 
id arteries and a marked stenosis of the left external carot- 
id artery. Endarterectomy of the left external carotid 
artery was attempted initially. This procedure was un- 
successful because the artery was diffusely involved with 
atherosclerosis and was occluded postoperatively from an 
intimal flap. Thereafter, the patient was unable to sit up in 
bed without losing consciousness. RAPs were 23/13 on 
the left and 11/0 on the right. 

Accordingly, a right internal carotid bypass procedure 
was performed and the right superficial temporal artery was 
anastomosed to a cortical branch of the right middle cere- 
bral artery. This was a large superficial temporal artery 
and the recipient cortical vessel was larger than average. 

Postoperatively, this patient had a major improvement 
in his intellectual function. He remained depressed. He 
could sit and stand without fainting. 

A postoperative angiogram demonstrated filling of the 
entire right middle cerebral arterial complex and both an- 
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Fig. 3 (case 30). Postoperative angiography in patient with 
bilateral internal carotid occlusion. Most of circulation to 
both hemispheres was derived from markedly dilated super- 
ficial temporal artery graft (arrows). Preoperatively, flow was 
obtained from collateral circulation through ophthalmic 
arteries. There were no functioning channels from posterior 
circulation as posterior communicating arteries were very 
small. 
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Fig. 4 (case 24). Preoperative angiogram demonstrates flow 
of blood through partially thrombosed aneurysm and high- 
grade stenosis (arrow) of middle cerebral artery at its origin 
from aneurysm, possibly result of thrombotic material from 
aneurysm. 


terior cerebral arteries through the right superficial tem- 
poral artery (Fig. 3). Flow analysis of this vessel indi- 
cated a blood flow of 250 ml/min. RAPs were 60/30 on 
the left and 40/25 on the right when last measured, 
7 months after surgery. At that time, mentation was 
nearly normal. 


Comment: This case illustrates the syndrome of 
orthostatic cerebral ischemia. It also demonstrates 
the large amounts of flow that can develop in some 
patients who have functioning bypass grafts. The 
occlusion of the external carotid artery resulted from 
an intimal ledge at the distal end of the endar- 
terectomy. This is not uncommonly encountered in 
the external carotid artery (in contrast to the internal 
carotid artery) and should be considered before ad- 
vising this surgery prior to superficial temporal ar- 
tery-middle cerebral artery anastomosis. Subsequent 
to this case, we have often used a vein patch 
graft without endarterectomy in the external carotid 
artery when that vessel appeared to be diffusely in- 
volved with atherosclerosis. 

Giant Aneurysm Bypass, Case 24.—This 54-year-old 
woman was admitted to the hospital with the chief 
complaint of left retro-orbital pain. Two weeks before 
admission, over a period of 18 hours, she developed 
a throbbing pain localized in the left orbital area. One 
week before admission, because of increasing headache 
and confusion, she was admitted to her local hospital, 
where a lumbar puncture disclosed xanthochromic spinal 


Fig. 5 (case 24). Repeat preoperative angiogram demon 


strates lysis of clot in aneurysm but no change in stenosis 
(arrow) from presumed thrombus. 


fluid. Angiograms showed a large aneurysm arising from 
the left internal carotid artery at the origin of the middle 
cerebral artery. 

The angiogram indicated that the blood supply to the 
left middle cerebral artery passed through the aneurysm 
itself, which was either a dissecting aneurysm or an 
aneurysm (fusiform or berry) containing a large intra- 
luminal clot (Fig. 4). A marked stenosis of the middle 
cerebral artery existed at its origin from the internal 
carotid artery. We believed that this aneurysm was in- 
operable because of the likelihood that repair of the 
aneurysm would effectively occlude the blood supply to 
the middle cerebral artery. 

The patient was initially managed conservatively but, 
over a period of 1 week of observation, she developed 
a slowly enlarging right homonymous field defect. Angio- 
grams were repeated (Fig. 5) and demonstrated lysis of 
the previously identified clot in the lumen of the aneurysm. 
The stenosis of the middle cerebral artery persisted at its 
origin from the internal carotid artery. The nature of this 
stenosis was not clear; it could have been caused by 
atherosclerosis or a soft blood clot. 

Because the patient had small superficial temporal 
arteries, an occipital artery bypass procedure was attempted 
initially. However, a suitable cortical recipient vessel 
could not be found. After an appropriate delay, two bran- 
ches of the superficial temporal artery were anastomosed 
to two intracranial branches of the middle cerebral 
artery. Simultaneously, a Selverstone clamp was placed 
on the internal carotid artery in the neck and tightened 
until there was a drop in the perfusion pressure distal 
to the clamp. Over the next 3 days, the Selverstone 
clamp was advanced to occlude the vessel. The patient 
made an uncomplicated recovery. She retained the 
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Fig. 6 (case 24). Anteroposterior film of same angiogram 


as in Figure 7. Aneurysm is now thrombosed and middle 
cerebral artery fills from superficial temporal artery-middle 
cerebral artery anastomosis to point of preoperative steno- 
sis (arrowhead). 


homonymous field defect. She was dismissed from the 
hospital 2 weeks after this operative procedure. 

She returned to the hospital 6 months later. The neu- 
rologic examination indicated a subtotal lower quad- 
drantanopsia. Postoperative angiography (Fig. 6 and 7) 
demonstrated filling of the entire middle cerebral artery 
through both branches of the small superficial temporal 
artery previously anastomosed to these vessels. There 
was some dilatation in the size of the superficial temporal 
artery. The aneurysm was no longer visible. 

Comment: This case indicates the usefulness of 
this procedure for bypassing inoperable giant aneu- 
rysms. The source of this patient's visual field defect 
could have been pressure on the chiasm but the 
sharpness of the visual field abnormality without 
sloping margins indicated that it was probably in the 
optic radiation. Our provisional diagnosis was that 
the neurologic deficit had resulted from emboli 
through and originating from the giant aneurysm. A 
deficit from spasm in association with the severe mid- 
dle cerebral artery stenosis could not be excluded be- 
cause, at the time of the surgical procedures, 
blood was identified in the subarachnoid space. The 
preoperative angiograms had not identified a major 
degree of spasm. 


TIA, Carotid Occlusion, and “Slow Stroke,” Case 
52.—This 59-year-old woman was evaluated at the Mayo 
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Fig. 7 (case 24). Postoperative angiogram demonstrates 
filling of left middle cerebral artery through a two-branch 
superficial temporal artery-middle cerebral artery anastomosis 
(arrows). Aneurysm no longer fills because internal carot- 
id artery has been ligated. Note collateral channels in 
pterygoid fossa. 


Clinic in June 1976 for episodes of transient cerebral 
ischemia involving the entire left side of the body. These 


were typical TIAs and consisted of periods of weakness 


and numbness which usually lasted 10 to 15 minutes 
and then cleared without residual deficit. Although the 
patient had noted symptoms of this nature for about 2 
years, the attacks had been occurring more frequently 
over the last 3 to 4 months. In addition to these TIAs, 
the patient complained of a slowly progressing weakness 
involving the left lower extremity; she walked with a slight 
footdrop and there was a definite decrease in the alter- 


Fig. 8 (case 42). Angiograms performed before dismissal : geg ; 
from hospital demonstrate total filling of entire middle cere- 
bral complex through bypass graft. Arrow indicates stem Be. 
of anastomosis. y 
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Fig. 9 (case 9). EMI scan, 14 hours after right superficial 
temporal artery-middle cerebral artery anastomosis, shows 
large intracerebral hematoma in premotor area on right. 


nate motion rate in the left foot as compared to that in the 
right. This deficit was more pronounced with exercise and 
had limited the patient’s activities and her walking dis- 
tance, without rest, to 100 feet. RAPs were 39/13 on the 
right and 101/42 on the left. The clinical diagnosis was 
chronic right internal carotid artery occlusion, subsequently 
confirmed by angiography. 

In July 1976, the anterior branch of the right super- 
ficial temporal artery was anastomosed to a posterior 
temporal branch of the middle cerebral artery. Except for 
a questionable TIA involving the left upper extremity, 
consisting of a 5-minute episode of numbness without 
weakness that occurred 3 days after the operative pro- 
cedure, the patient made an uncomplicated recovery. 
By the fifth postoperative day, her exercise tolerance 
was markedly improved as compared to her preopera- 
tive state and it was possible for her to walk 300 to 
400 feet without developing weakness in the left foot. At 
the time of dismissal from the hospital, alternate motion 
rate in the left foot was improved as compared with its 
state before surgery. Angiography performed before dis- 
missal from the hospital demonstrated total filling of the 
entire middle cerebral complex through the bypass graft 
(Fig. 8). Postoperative RAPs showed a relative increase on 
the side of surgery, 53/15 on the right and 77/31 on the left. 


Comment: This patient had the typical symptom 
complex of the “slow stroke.” The prompt improve- 
‘ment in her neurologic function after bypass sur- 

ry seemingly indicates that marginally functioning 

urons were present that were viable but were not 


_ physiologically normal. 


Unusual Cases. Postoperative Intracerebral Hemorrhage, 
Case 9.—This 61-year-old man was admitted to the hos- 
pital in June 1974 with a history of many episodes of 
transient weakness involving the right side of the body over 
the 7 years before admission. These attacks resulted in a 
residual awkwardness in the use of the right arm. Four 
months before admission, the patient had several epi- 
sodes of transient weakness involving the left side of the 
body. Over the 2 to 3 months before admission. the 


patient had noted light-headedness or near syncope when 
standing. These symptoms were relieved when he sat or 
lay down. His peripheral blood pressure was 150/80 
mm Hg sitting; a change with position was not documented. 

The major findings on neurologic examination were 
diminution in alternate-motion rate in all four limbs, apraxia 
in the right hand, a slow guarded gait, and mild diffi- 
culty in mentation. Angiograms from the referring in- 
stitution demonstrated that both internal carotid arteries 
were occluded. 

It was thought that the patient might be a candidate 
for a carotid bypass procedure and, accordingly, a right 


superficial-temporal artery-to-cortical conducting vessel 
anastomosis was performed. 

When he awakened from the operation, the patient's 
blood pressure was 240/110 mm Hg; otherwise he was 
unchanged from his preoperative condition. 

About 1 hour later he began to complain bitterly of 
headache and, about 2 hours thereafter, he developed 
a mild left hemiparesis. The operative site was reopened; 
the anastomosis was patent and the brain was firm or even 
tight against the dura but was not bulging. The patient’s 
level of consciousness diminished 14 hours after surgery 
and an EMI scan (Fig. 9) demonstrated a large intra- 
cerebral hematoma in the right frontal lobe. The patient 
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Fig. 10 (case 9). EMI scan 4 months after surgery; there is 
an area of radiolucency in region of old hematoma but no 
marked asymmetry is noted. 
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ee wee sa we ae 
Fig. 11 (case 9). Postoperative angiogram shows filling of 
entire right hemispheric circulation through patent bypass 
graft. Arrow indicates site of anastomosis 


was returned to the operating room and, through a crani- 
otomy separate from the trephine hole used for the vessel 
anastomosis, this hematoma was removed. The cavity 
of the hematoma did not connect with the site of anas- 
tomosis. The patient's neurologic function gradually 


improved and he was ambulatory at the time of dismissal 
from the hospital, about 5 weeks after the operative pro- 
cedure. At that time, a repeat EMI scan displayed no 
residual hematoma (Fig. 10). Postoperative angiography 
4 months later disclosed that the superficial temporal 
artery was supplying most of the cerebral circulation 
in the right hemisphere (Fig. 11). Examination revealed 
the patient’s function to be essentially as described before 
surgery except for added mild apraxia in the left hand. 
The symptoms of near syncope with standing had been 
relieved after the surgery and (according to the patient's 
wife) his general intellectual function had improved. 


Comment: The cause of the intracerebral hema- 
toma in this case remains obscure. An infarction 
occurring just before surgery in the location of the 
hematoma cannot be excluded; in this type of pa- 
tient, a small infarct could have appeared in this 
area without obvious new manifestations. The post- 
operative hypertension, in conjunction with a patent 
bypass graft, could have caused a small penetrating 
vessel to hemorrhage. In Tew's” similar case, hemor- 
rhage developed 3 days after surgery. 

Graft Occlusion With Infarction, Case 28.—This 65- 
year-old man was admitted to the hospital with a history 
of a slowly progressive right hemiparesis for 6 months. 
The deficit was most notable in the lower extremity, 
where the foot was virtually paralyzed. The patient com- 


plained of a sensation of “tightness” or stiffness involving 
the right limbs. His speech was normal. 


A) Before clamping 


B) 40sec after clamping 
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Fig. 12 (case 28). 
than left) occurs after carotid occlusion ( 


CBF=65ml/400gm/min 


CBF=9ml/400gm/min 


Left carotid occlusion, right carotid stenosis 


C) 4min after shunting 
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EEG tracing performed during right carotid endarterectomy shows that bilateral slowing (right greater 
segment B), which produces decrease in cerebral blood flow in right hemisphere 


to 9.0 ml/100 g per minute from 65 ml/100 g per minute. This abnormality disappeared with placement of shunt 
(segment C). Nature of slowing suggests left hemisphere was better supplied by collaterals than right but even on left 
the collateral supply is inadequate when right carotid is occluded. 
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Fig. 13 (case 28). Postoperative angiogram 24 hours after 
surgery shows suspected occlusion of anastomosis at arrow. 


Angiograms from the referring institution demonstrated 
occlusion of the left internal carotid artery and a 95% 
stenosis of the origin of the right internal carotid artery. 
The blood supply to the left cerebral hemisphere ap- 
parently was derived from collaterals through the left 
ophthalmic artery. RAPs were 75/45 on the right and 
40/10 on the left. 

We believed the patient was a candidate for a right 
carotid endarterectomy and a left carotid-middle cerebral 
bypass procedure. The right carotid endarterectomy was 
performed first. During the occlusion of the right carotid 
| artery for endarterectomy, the cerebral blood flow in the 
iy tight hemisphere decreased markedly from a baseline of 


65 ml/100 g per minute to 9 ml/100 g per minute, 
i and the EEG showed a rapid bilateral slowing, greater 
te i] on the right than on the left (Fig. 12). Blood flow in- 
creased to 36 ml/100 g per minute after placement of a 
shunt, and the EEG returned to normal. A vein graft 
was used to repair the endarterectomized artery. The pa- 
tient had an uncomplicated postoperative recovery. About 
10 days after the operation, he complained of the con- 
tinued presence of the abnormal subjective sensation on 
the right side of the body. This could not be docu- 
mented by objective changes in the neurologic examina- 
tion, postoperatively. RAPs were 90/55 on the right and 
50/5 on the left. 
A left superficial temporal artery-to-cortical branch 
anastomosis was performed about 3 weeks after the first 
procedure. The superficial temporal artery was of excel- 
lent caliber (diameter, 2 mm). It was necessary to use the 
angular artery itself to find a recipient vessel of sufficient 
size to carry the amount of flow we thought necessary 
in this man’s case. The patient awoke from the operative 
procedure essentially unchanged from his state before sur- 
gery. About 2 hours later he developed some difficulty 
in his speech, manifested primarily in the naming of 

objects. The speech deficit continued during the night 
and by the following day the patient had marked expres- 
iy asia. The Doppler flow probe indicated a clicking 
= sound at the site of anastomosis and it was our judg- 


E E N 


ment that the superficial temporal artery had occluded; 
this was confirmed by angiography (Fig. 13). 

The patient was returned to the operating room. We 
found that the point of occlusion was actually in the super- 
ficial temporal artery itself, where a branch of that vessel 
had been ligated. It was necessary to excise a 1-cm length 
of the distal superficial temporal artery and, accordingly, 
the anastomosis had to be taken down. The superficial 
temporal artery was again anastomosed to the angular 
artery and both vessels pulsated vigorously after this anas- 


tomosis. The patient awoke from surgery with marked 
improvement in his speech. Heparin, 3,500 U during 
every 4 hours, was administered postoperatively by con- 
tinuous intravenous infusion. 

About 48 hours after this second operative procedure 
the patient again developed expressive aphasia. A D opler 
flow probe indicated vigorous flow through the site of the 
anastomosis but we decided that it was necessary to 
confirm this by angiography. The angiogram demonstrated 
filling of the entire left middle cerebral arterial complex 
through the anastomotic channel. Filling defects were 
noted which we believed were emboli rather than re pre- 


sentations of poor washout (Fig. 14). 

The heparin was discontinued when oral anticoagulation 
was effective. Blood flow determination indicated that the 
anastomosed vessel was delivering about 100 ml/min to 
the brain. Over the next 6 weeks his speech gradually 
improved, becoming essentially normal by 6 months. 
His referring neurologist reported an initial arrest of the 
progressive right-sided weakness that had been evolving 
over the 6 months before admission to the hospital. How- 
ever, after a 4-month period of stability, a further wor- 
sening of function in the hand and foot has occurred. 
Speech has remained normal. 


Comment: This case illustrates a number of impor- 
tant points. The preoperative manifestations in- 
volved the watershed area primarily, the foot being 
the most severely involved; the Doppler probe ac- 
curately predicted patency of the anastomosis; the 


Fig. 14 (case 28). Angiogram 48 hours after reoperation 
shows patent bypass graft and filling of most of middle 
cerebral artery complex through anastomosis (arrow). 
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fig. 15 (case 23). Postoperative angiogram 3 months after 
surgery shows filling of most of right middle cerebral artery 
complex through patent bypass graft. This correlated well 
with increase in RAP after surgery. Arrow indicates site 
of anastomosis. 


ischemic deficit was reversible with subsequent restor- 
ation of flow; and embolization was possible through 
or from a functioning graft. 


Late Infarction With Patent Bypass Graft, Case 23.— 
This 43-year-old man was admitted because of a gradual 
deterioration of visual acuity and episodes of blindness 
(amaurosis fugax). Funduscopic examination revealed 
bilateral venous-stasis retinopathy. RAPs were 18/11 on 
the right and 54/32 on the left. Angiograms from the 
referring institution showed occlusion of the right internal 
carotid artery. 

The posterior branch of the right superficial temporal 
artery was anastomosed to the posterior temporal branch 
of the middle cerebral artery. The patient made an uncom- 
plicated recovery and was dismissed from the hospital 10 
days afterward. Before dismissal, he was instructed to have 
the frames of his eyeglasses readjusted, as these were noted 
to have produced a crease over the superficial temporal 
artery on the right. 

About 6 weeks after dismissal, the patient suddenly 
developed weakness in the left lower extremity, 5 minutes 
after he had put on his eyeglasses in order to shave. 
When he was examined, we found marked weakness 
only in the left foot. The Doppler flow probe indicated 
that the anastomosis was patent. He was placed on anti- 
coagulants and instructed to return in 3 months for post- 
Operative angiography. The frames for his eyeglasses 
were readjusted to prevent pressure on the superficial 
temporal artery. RAPs at this time were 18/13 on the 
right and 66/42 on the left. 

The patient was readmitted to the hospital 3 months 
after the operation, and angiograms done at that time 
demonstrated that most of the circulation of the right 
middle cerebral artery was derived from the superficial 
temporal artery (Fig. 15). The venous-stasis retinopathy 
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had improved. RAPs were now 36/19 on the right 
and 84/31 on the left. The footdrop in the left lower 
extremity that resulted from the stroke 6 weeks after the 
surgery was less severe but was still present. The patient 
had no visual complaints. 


Comment: The resolution of the venous-stasis ret- 
inopathy after an increase in RAP is not surprising; 
this has been reported to occur after carotid endar- 
terectomy.!3 The development of an infarction in the 
watershed area, either from hypotension or from pres- 
sure on the bypass graft, is of some interest and 
indicates the dependency on a patent bypass graft 
that can develop. The delay in the elevation of the 
RAP probably reflects the time required for dilatation 
of the collateral pathways after the surgery. 


DISCUSSION 
In order to properly consider the results of this opera- 
tion, it is necessary to review briefly some physiologic 
and pathologic concepts pertinent to problems of 
cerebral vascular disease. 
Anatomic Considerations.—The circulatory sys- 
tem to the cerebral hemispheres is composed of two 
general types of arteries, conducting and penetrat- 
ing.'4 The conducting vessels are the carotid, mid- 
dle cerebral, anterior cerebral, vertebral, basilar, 
and posterior cerebral arteries plus their major 
(named) and minor (unnamed) branches, which form 
a vast network of interconnecting, anastomosing 
vessels on the surface of the brain. The conducting 
vessels may be regarded as nonresistance vessels 
because there is only a 10 to 15% drop in perfusion 
pressure from the common carotid artery to major 
branches of the middle cerebral artery ® and a similar . 
gradient from these large branches to the level of the 
penetrating arterioles.'* The penetrating or regula- 
tory arterioles enter the brain parenchyma at right 
angles to the surface vessels from which they are 
derived.'7 The system of conducting vessels serves 
as a pressure head or pressure equalization reser- 
voir to provide an adequate perfusion pressure to the — 
penetrating or nutrient vessels, wherein prim 
autoregulation probably resides. 16-18 
This network of conducting vessels is an | 
low-resistance vascular bed to receive a bypass graft 
because an increase in perfusion press I 
point will result in a generalized increase 


The increase in perfusion pressure canno 
to changes in flow because of compensato 
tions that may occur in the resistance of 
tory arterioles. However, the increased fusion 
pressure does provide a functional reserv ssure ` 
p l reserve ressure 
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for the regulatory arterioles and may produce, in 
some instances, an absolute increase in flow to areas 
of marginal perfusion that had previously had maxi- 
mal arteriolar dilatation. 

Cerebral Blood Flow.—Normal blood flow to the 
brain approximates 50 ml/100 g per minute. 1920 
However, the brain can accommodate to a sub- 
stantial reduction in flow and continue to function. 
There is good agreement between laboratory and 
F clinical studies relative to the minimal amount of 
i | blood flow required to sustain normal electrical ac- 
i tivity inthe brain. Normal electrical activity cannot be 
equated with normal cerebral function, but the elec- 
troencephalogram has been proven to be a sensitive 
monitor of cerebral ischemia during carotid endar- 
terectomy.”! The critical level of cerebral blood flow 
(defined as that flow at which many patients can no 
longer maintain normal electrical activity) has been 
found to be between 15 and 18 ml/100 g per 
minute. ??-23 

Correlation of clinical symptoms, angiograms, and 
cerebral blood flow studies has indicated that blood 
flows of between 20 and 30 ml/100 g per minute 
are borderline. Patients with flow rates this low are 
often neurologically unstable and particularly vulner- 
able to the effects of emboli.” The development of 
infarction is related to both the degree and the 
duration of ischemia. It occurs within minutes in 
areas of zero flow but may take hours in regions 
of marginal flow.? Blood flow in zones of incom- 
plete focal ischemia is nonhomogeneous with areas 
of reactive hyperemia, and zones of decreased per- 
fusion often adjacent to infarcted tissue.?5.26 It is the 
regions of borderline flow that are theoretically 
benefited by a bypass procedure. 

Rationale and Role for Bypass Surgery. TIA.— 
Retinal: The presence in the retina, in many cases, 
= of emboli (usually cholesterol, rarely platelet aggre- 
gates) indicates that amaurosis fugax is probably 
= embolic in origin in most instances.2”? When a carotid 
= artery is occluded or nearly occluded in the presence 
of retrograde ophthalmic flow (on angiography) and 
= a markedly lowered retinal artery pressure, the pos- 
sibility exists that transient nonembolic flow altera- 
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nly rarely are attacks of amaurosis fugax unilateral 
i bilateral) related to posture. The occurrence 
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and associates.2® Houser and associates? reported 
that analysis of the extracranial and intracranial 
angiographic patterns and study of specimens re- 
moved at carotid endarterectomy supported this 
hypothesis. Usually, they found evidence of ulcera- 
tion in patients with severe arterial stenosis. Fur- 
thermore, virtually all patients with nonobstructive 
plaques (<85 to 90% stenosis) had ulceration iden- 
tified at operation to explain the symptoms. ?? 


Although most TIAs are embolic in origin, there 
is evidence that some may occur as a result of sys- 
temic changes (for example, in perfusion pressure) 
in patients who have marginal flow from an oc: luded 
or stenosed major vessel. It is in this group of pa- 
tients that bypass surgery may be particulariy use- 
ful. However, the procedure is not necessa mited 
to nonembolic manifestations of cerebrovescular 
disease. The alteration in flow patterns (for example, 


reversal of a retrograde ophthalmic flow pattern with 
possible emboli off a thrombus extending from the 
carotid siphon in an occluded internal carotid artery) 
that occur after successful bypass surgery may be 
important in protecting from future TIAs or infarc- 
tion.3? Furthermore, increased collateral flow to areas 
of marginal perfusion increases that region’s tolerance 
to withstand small emboli without infarction. 

Infarction.—Cerebral infarction, in contrast to 
cerebral ischemia, denotes anatomic death of tis- 
sue. Analysis of the intracranial and extracranial 
angiograms of patients considered for carotid endar- 
terectomy has revealed evidence of obstruction to 
flow in either the intracranial or extracranial circula- 
tion in most patients with a known cerebral infarc- 
tion.” About 50% of the patients with infarctions 
had angiographic evidence of a focal or internal 
carotid artery-middle cerebral artery slow-flow altera- 
tion indicating marginal cerebral blood flow. The 
cause for cerebral infarction in this group was occlu- 
sion or near obstruction of a major intracranial or 
extracranial conducting vessel with a reduction in the 
critical perfusion pressure in the pressure head res- 
ervoir. This group might be benefited by surgery 
to bypass an occluded major vessel. 

Patients with large infarctions were not, in general, 
considered for bypass surgery. Patients with small 
infarctions were considered possible candidates for 
surgery if other symptoms were also present and if 
it appeared that the perfusion pressure could be in- 
creased to areas adjacent to the infarct zone. 

Progressing Stroke.—It is necessary to analyze 
both intracranial and extracranial vascular patterns 
in discussing the causes for a progressing stroke. * 
Such an analysis reveals that, in general, these patients 
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are suffering from symptoms referable to multiple 
embolisms or high-grade extracranial obstruction to 
flow in conjunction with some intracranial cause for 
failure of the collateral circulation to provide ade- 
quate cerebral perfusion. A relatively large number 
of such patients have angiographic evidence of inter- 
nal carotid artery-middle cerebral artery slow flow.23 
Clinically, these patients often have a progressive 
course that may be related to intermittent emboliza- 
tion in areas of marginal flow. Focal flow altera- 
tions, probably related to intracranial embolization, 
have been identified in about one-fourth of this group,” 
but because of the probability that emboli are lysed 
and are not ordinarily identified on angiography, 
it is assumed that they are present in a much higher 
percentage of cases. 

The majority of such patients will improve after 
therapy with intravenous heparin; operative treatment 
in the form of endarterectomy or bypass surgery 
usually is not performed in the acute phase of the 
illness. However, a small number of patients who 
have a progressing stroke from a known occlusion 
of an internal carotid artery apparently progress 
because of a failure of collateral circulation, with or 
without superimposed emboli. It is in this small 
group of patients that bypass surgery seemingly has 
been beneficial. 

“Slow Stroke.” —This is a most uncommon mani- 
festation of cerebral vascular disease. We have 
found it most commonly in patients who have a 
chronic internal carotid artery occlusion or a severe 
carotid stenosis. This is consistent with the experi- 
ence of Hass and Flam.*! It is probably the result 
of a slow failure of collateral circulation, either from 
progressive atherosclerosis or from thombosis super- 
imposed on stenotic collateral vessels. These pa- 
tients have presented with a history that suggests 
the presence of a mass. The focal deficit often is 
most severe in the foot, the watershed zone of per- 
fusion. Our experience with this group is not yet 
sufficient to formulate a definite judgment regarding 
the possible role of bypass surgery. The results have 
been modestly encouraging. 

Primary Orthostatic Cerebral Ischemia.—The pa- 
tient with orthostatic cerebral ischemia must be 
distinguished from the patient with vertebral-basilar 
insufficiency and systemic orthostatic hypotension 
and the elderly patient with dementia. Angiography 
in patients who had this syndrome, in the series re- 
ported by Houser and associates, 2 uniformly demon- 
strated the presence of bilateral severe carotid artery 
stenosis or occlusion. It should be emphasized that 
this group of patients is distinct and separate from 
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Table 3.—Role of Bypass Surgery 


Indication Vessel pathology* Clinical symptoms 
Firm ICA occlusion TIAs 
or 
ICA siphon stenosis Amaurosis fugax 
Slow stroke 
Progressing stroke 
Orthostatic cerebral ischemia 
Giant ICA aneurysm Prelude to ICA ligation 
MCA stenosis TIAs, progressing stroke 
Probable Fibromuscular disease TIAs, amaurosis fugax 
Moya-Moya TIAs, slow stroke 
Small infarctions 
Unlikely ICA occlusion Prelude to endarterectomy, 


contralateral side 
Major infarction 
Asymptomatic 
TIAs, infarction 


ICA occlusion 

ICA occlusion 

Diffuse atherosclero- 
sis of intracerebral 
vasculature 


*ICA = internal carotid artery; MCA = middle cerebral artery. 
those suffering from senile dementia, which is un- 
likely to be of vascular origin. 

Our experience with bypass surgery for this syn- 
drome has been good. This differs from the work of 
others, who have reported disappointing results in 
patients with this constellation of symptoms.§® 


CONCLUSION 

It seems to be possible to maintain a patent bypass 
in the vast majority of properly selected cases?-*632 
and to increase regional cerebral blood flow from the | 
procedure.” Perhaps the more difficult task is pro- Ey 
perly selecting patients and identifying those who 
would benefit from the operative procedure. Our 
opinions in this regard largely support the initial 
conservative estimates about the role of the opera- i 
tion voiced by its founders, Yaşargil and Donaghy. 
As previously indicated, the procedure should be re- 
garded as primarily a prophylactic operation and not — 


our indications for this operation are still evolv 
it is possible to formulate a working table that 
general, follows the indications predicted fo ; 
procedure in 197434 (Table 3). 
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During a prospective study, 13 patients received renal transplants from cadaveric donors 
whose hearts beat up to the time of their death. These donors were pretreated with 
cyclophosphamide-methylprednisolone (group A) or methylprednisolone-procarbazine 
hydrochloride (group B). After a minimum follow-up of 12 months, all grafts in group A 
but only one graft in group B survived. On the basis of this small experience, the 
combination of cyclophosphamide and methylprednisolone seems to be superior to that of 
methylprednisolone and procarbazine hydrochloride in reducing allograft immunogen- 
icity. In order to achieve longer survival of the graft in the recipient, pretreatment with 
procarbazine hydrochloride has been discontinued. Pretreatment of the potential cadav- 
eric allograft donor with cyclophosphamide and methylprednisolone is being continued 
at our institution. 


Because of the shortage of available cadaveric renal allografts, the number 

of cadaveric renal transplants has not increased during the last 3 years. 

In addition, survival of renal allografts has not improved during recent 

years.! It seems obvious that optimal use of available renal allografts 

is necessary. Therefore, quite recently, attempts have been made in 
animal2-!! and human !2 models to modify the antigenicity of the allograft 

in order to improve graft survival. Drugs that have been reported as being 

effective in reducing allograft immunogenicity are methylprednisolone, 
cyclophosphamide, and procarbazine hydrochloride. In this present ‘ 
study, we have sought to compare the effectiveness of procarbazine ' 
hydrochloride versus cyclophosphamide in pretreatment of the cadaveric 
human allograft donor, in terms of survival of the allograft. 


PATIENTS AND METHODS 

Potential cadaveric donors whose hearts were,beating without mechanical 
assistance were pretreated on an alternating basis: group A (regimen A) 
received 4 g of cyclophosphamide and 4 g of methylprednisolone intra- 
venously 5% and 2% hours before the kidney was removed, and group B 
(regimen B) received 4 g of procarbazine hydrochloride and 4 g of methyl- 
prednisolone intravenously 5% and 2% hours before the kidney was re- Ra a 


with orien A, and five patients received kidneys from donors whee 
were pretreated with regimen B. Both groups had similar matching re- 
sults and preservation times (Table 1). However, there was a hig 
percentage of patients at increased risk (juvenile diabetics, patients 


in group A than in group B. Patients in both groups received thes 
standard post-transplant immunosuppressive protocol of intrav 
methylprednisolone and intravenous cyclophosphamide, with or w 
azathioprine and local graft irradiation for rejections. 
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Table 1.—Comparison of Graft and Patient Survival Between Two Groups of Patients Undergoing Kidney Transplantation 


: Survival 
Age (yr); Preformed Preservation Follow-up 
Case sex antibodies (%) Match (hours) Risk Graft Patient (months) 
Group A* 
$ a 1 F, 31 88 E, 3 High Yes Yes 19 
' 2 M, 46 0 E 12 High Yes Yes 19 
3 M, 46 48 E 6 High Yes Yes 18 
4 FAIS 0 D 9 Normal Yes Yes 18 
5 M, 27 0 E 6 Normal Yes Yes 14 
y 6 M, 35 0 E 2% Normal Yes Yes 14 
f 2 7+ F, 29 0 E, 3% High Yes Yes 12 
n 8t M, 47 1 E 1 High Yes Yes 12 
ER Group Bt 
$ 9 M, 24 2 E, 3% Normal No No <3 
10 F, 27 0 D 4 Normal No Yes Ps 
11+} M, 30 1 E, 4 High Yes Yes 12 
12 F, 42 0 E, 6 Normal No Yes 
r 13 M, 28 0 E 3% Normal No Yes 


tPatient had juvenile diabetes mellitus. 


RESULTS 

All patients and grafts in group A have been at risk 
¿for more than 12 months and are surviving with good 
renal function at the time of this review. Of the five 
patients who received kidneys pretreated with pro- 
carbazine hydrochloride and methylprednisolone, 
only one has a functioning graft. One patient died 
= 84 days after transplantation. Death was due to 
anoxic brain injury sustained at the time of marsupiali- 
zation of a lymphocele. The patient had had a severe 
elayed hyperacute rejection that ruptured the kid- 
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*Group A received cyclophosphamide-methylprednisolone pretreated cadaveric kidney. 


#Group B received procarbazine hydrochloride-methylprednisolone pretreated cadaveric kidney. 


ney but, at the time of death, the kidney was func- 
tioning. The remaining three patients are surviving; 
however, all have lost their grafts. 

Five patients of group A did not experience any 
rejection episodes (Fig. 1) and the remaining three 
have had only mild episodes that were easily con- 
trolled. Two patients in group A needed early hemo- 
dialysis because of cold damage to the grafts sus- 
tained at the time of storage in slush. These results 
are in contrast to those in group B, in which all 
patients but one experienced severe rejection epi- 
sodes necessitating hemodialysis (Fig. 1), with the 
loss of three kidneys in a delayed hyperacute fashion 
in the early postoperative period, between the 7th 
and 12th postoperative day. 


DISCUSSION 

Early animal experience by Steinmuller!? and by 
Elkins and Guttmann? showed the importance of the 
so-called passenger leukocytes within the allograft. 
Experimental designs of bone marrow chimeras in 
the rat seemed to point to donor cells of hemopoietic 
origin as the trigger site of immunogenicity. That 
grafts deficient in donor leukocytes were also defi- 
cient in immunizing capacity was observed by 
Steinmuller and Hart.8 These leukocytes seemed to 
be sensitive to drugs®® and radiation? treatment, 
and prolonged graft survival has been observed by 
Steinmuller and Hart,8 Guttmann and Lindquist, ® and 
Zincke and Woods"! after pretreating the donor with 
cytotoxic agents. The cytotoxic agents used in most 
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experiments have been cyclophosphamide and pro- 
carbazine hydrochloride. 

The usefulness of cyclophosphamide in renal 
transplantation in animals has been demonstrated by 
Kawabe and his colleagues'4 and by others®8 and 
in humans by Guttmann and his associates.!? Pro- 
carbazine hydrochloride has been used success- 
fully in pretreatment in renal transplantation by 
Guttmann and Lindquist® and by us!! in animals. 
Shehadeh and associates!® could demonstrate that 
cyclophosphamide was the most effective in modi- 
fying the pathologic features of allograft rejection 
as compared with methylprednisolone and procar- 
bazine hydrochloride. Furthermore, Guttmann !6 
showed that pretreatment with cyclophosphamide 
caused decreased serologically detectable transplant 
intigens. The action of procarbazine hydrochloride 
is probably similar to that of cyclophosphamide. 
À time-dependent effect of these drugs on lymphocyte 
response to phytohemagglutinin has been demon- 
strated. 1217 Procarbazine hydrochloride, a methyl- 
hydrazine derivative, seems to act predominantly 
on the thymus-derived cell population.!8 The bene- 
ficial effect of methylprednisolone on ischemic 
kidneys!® may contribute to a better early allograft 
function although suppression of lymphocyte blasto- 
genesis also has been observed when larger doses 
were used.2° We have suggested previously! that 
these cytotoxic agents and methylprednisolone may 
cause a modification of the antigenic properties of 
passenger leukocytes and parenchymal cells per se. 
On the other hand, Zincke and associates?! showed 
that cyclophosphamide, procarbazine hydrochloride, 
and methylprednisolone, as used in the dosages 
described above, did not cause any structural changes 
on human and canine renal allografts as demon- 
strated on histopathologic examination. Guttmann 
and associates!2 showed a 2-year graft survival of 
nearly 80% when the human cadaveric donor was 
pretreated with high doses of cyclophosphamide 
and methylprednisolone before removal of the kid- 
ney. In our laboratory,1! pretreatment of donor dogs 
with procarbazine hydrochloride was more success- 
ful in prolonging graft and recipient survival than 
was methylprednisolone or cyclophosphamide. 

Thus, on the basis of our laboratory findings this 
present study was performed. Our results appear 
to demonstrate that, at least in these small groups, 
patients who received cadaveric kidneys pretreated 
with cyclophosphamide and methylprednisolone in 
high doses before the kidneys were removed had 
rejection episodes that were less severe and fewer in 
number than did patients who received kidneys pre- 
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treated with procarbazine hydrochloride and methyl- 
prednisolone. The pretreatment with cyclophos- 
phamide and methylprednisolone provided excellent 


graft survival with good function. 


These findings 


support the recent report by Guttmann and asso- 
ciates. !2 Whereas procarbazine hydrochloride, alone 
and in combination with methylprednisolone, has 
proved to be the most successful drug in the pre- 
treatment of the donor dog,!! in our experience this 
agent was not effective in decreasing the number 
and severity of rejection episodes in the human re- 


cipient. 


The discrepancy between the animal and 


human results might be explainable as a species 


difference. 


Pretreatment of the potential cadaveric 


human allograft donor who has a beating heart with 
cyclophosphamide and methylprednisolone is being 


continued at our institution. 


Pretreatment with 


procarbazine hydrochloride has been discontinued. 
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POSTDOCTORAL FELLOWSHIPS IN ALLERGIC DISEASES 


Research positions for holders of the Ph.D., M.D., or equivalent degrees 
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Five patients were seen at the Mayo Clinic over an 8-year period with the following com- 
plex of clinical and morphologic features: striking eosinophilia, cardiomyopathy, hepato- 
splenomegaly, and either a rapidly fatal or a prolonged, debilitating illness. In recent 
years, controversy has raged over the precise designation of this syndrome, with proposals 
ranging from eosinophilic leukemia to hypereosinophilic syndromes. To focus on the 
major target organ of the disease, we have favored the term endomyocardiopathy with 
eosinophilia. Experience with these five patients showed that (1) eosinophilia can persist 
for many years before symptoms appear; (2) progressive restrictive cardiac disease 
was the major cause of death and debility; (3) osmiophilic cytoplasmic inclusions are 
present in eosinophils of these patients and also in cells from other patients with marked 
eosinophilia; and (4) echocardiography may prove to be a useful noninvasive tool to 
diagnose and follow the progress of cardiac involvement. Although none of these patients 
was thought to have leukemia, intensive therapy with steroids or cytotoxic agents, or 
both, is considered necessary to control the progression of the disease. 


Despite recognition of the eosinophil as a distinctive cell for over 100 
years,! its specific functions have not been defined, although a recent 
report? implies an antiparasitic role. To compound the mystery, signifi- 
cant eosinophilia can be found in such diverse conditions as bronchial 
asthma, parasitic infestations, polyarteritis nodosa, rheumatoid arthritis, 
Hodgkin’s disease, and various dermatitides. In addition, marked eosino- 
philia can be associated with various diseases in which the major tissue 
eosinophilic involvement is focused on a specific target organ; for exam- 
ple, eosinophilic gastroenteritis,* Loffler’s syndrome of the lung, * eosino- 
philic cystitis, and hepatic involvement with eosinophilia.® There have 
also been many reports in the literature concerning a distinctive entity 
that is characterized by striking eosinophilia, infiltration of various organs 
(especially the heart) by “mature” eosinophils with associated necrosis F 
or fibrosis, or both, and a progressively unfavorable clinical course. YE. 
Some authors believe that such a syndrome justifies a diagnosis of 
eosinophilic leukemia? whereas others have preferred more benign 
designations such as disseminated eosinophilic collagen disease, *L6ffler’s 
endocarditis parietalis fibroplastica, endomyocardial fibrosis with eosino- 
philia,!° or the all-embracing term ‘‘hypereosinophilic syndromes,“ 11 

This report concerns five patients seen at the Mayo Clinic between 
1967 and 1974 who showed the following complex of clinical and mor- _ 
phologic findings: striking eosinophilia, cardiomyopathy, hepatospleno- 
megaly, and either a rapidly fatal or a prolonged debilitating illness. In 
reporting these cases, we would like to stress the features of the syndrome, 
illustrate the procedures that make the diagnosis possible, and detail our 
experience with therapy. > ae 


REPORT OF CASES rar 


Brief case histories of the five patients follow. Specific laboratory studi 
are detailed in Tables 1 through 4. 
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Case 1.—A 17-year-old male student developed chest 
pains and malaise late in 1966. These symptoms in- 
creased in September 1967 and at that time, despite the 
absence of specific physical abnormality, he was found 
to be anemic and to have marked eosinophilia. He was 
transfused with two units of blood and began to take a cor- 
tisone preparation. One month later, arterial occlusion 
suddenly involved both of his lower extremities. At sur- 
gery, complete aortic obstruction was found, caused by a 
saddle embolus at the aorto-iliac junction. In addition, 
splenomegaly was noted. Following embolectomy, the 
arterial supply improved only temporarily; therefore, 2 
days later he was transferred to the Mayo Clinic for fur- 
ther treatment. He had sinus tachycardia, grade 2/6 ejec- 
tion systolic murmur at the left sternal border, and impaired 
arterial pulsations in his legs. Subsequent removal of 
fibrinous material via bilateral common femoral arterioto- 
mies resulted in restoration of the circulation. Because of 
persistence of debility and marked eosinophilia, a diag- 
nosis of polyarteritis nodosa was considered. Thus, treat- 
ment with prednisone, 120 mg/day, was begun and was 
reduced to 60 mg/day 2 weeks later; he also received oral 
anticoagulant therapy. During the first few months of 
1968 his progress was good and, although the eosino- 
philia persisted (for example, 32% of a total leukocyte 
count of 9,200 in January), the dosage of prednisone 
was reduced gradually and the drug was discontinued in 
April after 7 months of therapy. 

In August 1968, he presented with a 4-week history of 
Nausea, vomiting, diarrhea, and weight loss. No cardiac 
murmurs were detected then but his spleen was just pal- 
pable. Prednisone was prescribed (10 mg/day) as well as 
diphenhydramine, 100 mg four times daily. The latter 
SN drug relieved his nausea and there was a decrease in 
eosinophilia and moderate improvement in his cough and 
dyspnea. These symptoms recurred when diphenhydra- 
l mine was discontinued. He was admitted for the last time 
= in November 1968 with marked anorexia, weight loss, 
x and persistent coughing. On examination, the venous 
pressure was moderately elevated. The precordium was 
hyperactive. The pulmonic component of the second heart 
= sound was moderately accentuated. He had tachycardia 
= with summation gallop, a grade 3/6 pansystolic apical 
= murmur, and, in addition, a grade 2/6 pansystolic mur- 
= mur at the left sternal border radiating to the right sternal 
¿border which increased with inspiration. The liver was 


a 


lood. Despite intensive therapy, he showed progressive 
eterioration until his death 1 month later. 
_ At autopsy, the most striking finding was the presence 
Massive mural thrombus that virtually filled the left 
entricular cavity of the heart. The endocardium of the 
ight ventricle was markedly thickened. Focal scarring was 
n the myocardium of both ventricles with foci of 
e infl mation on the left. Both kidneys had many 
in and the glomeruli showed marked recent 
echanges. Eosinophilic hyperplasia was present 
marrow. The spleen was greatly enlarged, 
, but apart from a recent infarct and marked 
mature eosinophils, its architecture was 


male paper mill worker devel- 
r gasy fatigability in 1964. 
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Absolute eosinophilia was noted at this time. Two years 
later he had increasing fatigue and night sweats in addition 
to the persistent cough. He was found to have an ejection 
systolic murmur at the base of the heart but no other 
physical abnormality. Studies by his local physicians re- 
vealed a marked peripheral eosinophilia and eosinophilic 
hyperplasia in the bone marrow. The leukocyte alkaline 
phosphatase (LAP) scores were low—30 and 45 (compared 
to a control of 103). 

In October 1968, he was admitted with shortness of 


breath, fatigue, and diarrhea. There were no abnormal 
physical findings but he was found to have eosinophilia 
and significant proteinuria plus reduced creatinine clear- 
ance. Renal biopsy specimen showed membranous slomer- 
ular changes with marked interstitial fibrosis and tubular 
atrophy. He was, therefore, given a trial of prerinisone, 
20 mg/day. 

By November 1968, he noted increasing breatlhtessness 
and ankle edema. There was marked elevation of the jugu- 
lar venous pressure, with the dominant venous we" being 
a rapid Y descent. A positive Kussmaul’s sign was noted. 
The second heart sound was normal and there was no 
accentuation of the pulmonic component. Both atrial and 


ventricular gallops were noted. There was a late crescendo 
grade 1/6 apical systolic murmur. There were no abnor- 
malities found on auscultating the lungs. The liver was 
palpated 8 cm below the right costal margin and the tip 
of the spleen was palpable. Anticoagulants and azathio- 
prine (50 mg/day) were begun in addition to digoxin 
and prednisone. The steroid was gradually tapered over the 
next 3 months. 

He was admitted for his terminal illness in February 
1969 with increasing breathlessness and a dry hacking 
cough. Severe cardiac failure was evident and despite in- 
tensive therapy, progressive renal failure ensued and he 
died 2 weeks later. 

At autopsy, the heart weighed 500 g. Focal fibrosis of 
the myocardium, endocardial fibrosis of both ventricles, 
and extensive mural thrombi involving both ventricles and 
the right atrial appendage were noted. Multiple septic em- 
boli were found in many organs, Staphylococcus aureus 
being cultured from these lesions as well as from the blood 
in the heart. The spleen weighed 405 g; microscopically, 
the pulp was hemorrhagic. The liver was passively con- 
gested; the kidneys showed many septic emboli as well as 
nephrocalcinosis. 

Case 3.—A 16-year-old female student developed fatigue 
and abdominal fullness in December 1970. Physical ex- 
amination elsewhere 2 months later revealed a grade 4/6 
systolic murmur (previously undetected), cardiomegaly, and 
an enlarged liver. Laboratory studies at the time showed 
anemia (hemoglobin, 9 g/dl) and a striking eosinophilia 
with mostly mature cells, but with a few myelocytes and 
metamyelocytes. Eosinophilic hyperplasia was noted in the 
bone marrow. The leukocyte alkaline phosphatase score 
was normal and a direct marrow preparation failed to 
reveal the Philadelphia (Ph!) chromosome. Busulfan ther- 
apy was begun in March and continued for the next 3% 
months. In November 1971, ascites was detected and the 
presence of a pericardial effusion was suspected from the 
globular cardiac configuration on the roentgenogram of 
the chest. Marked eosinophilia was still present although 
the bone marrow showed a lesser degree of eosinophilic 
and myeloid hyperplasia than in the earlier study. On 
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this occasion, a suspected Ph! chromosome was detected 
in a few cells on a direct marrow preparation. 

At the time of her first visit to the Mayo Clinic in Decem- 
ber 1971, her presenting symptoms were those of lethargy 
and exertional dyspnea. The jugular venous pressure was 
moderately elevated with the prominent wave being a V 
wave with rapid Y descent. The precordium was overac- 
tive. There was moderate accentuation of the pulmonic 
component. A prominent ventricular gallop was pres- 
ent in addition to a grade 4/6 pansystolic apical murmur 
that radiated into the left axilla. The lungs were clear. 
The liver was palpable and ascites was present. A diag- 
nosis of restrictive cardiomyopathy with incompetence of 
the mitral valve was made. On dismissal from the clinic, 
her therapy consisted of digoxin, furosemide, potassium 
supplements, and a sodium-restricted diet. 

She has been followed up by her physician at 3- to 
6-month intervals. Further chromosomal studies of direct 
bone marrow preparations have been reported to be nor- 
mal. She continued to have absolute eosinophilia for at 
least 9 months, but between October 1972 and our last 
reported value in June 1974, her eosinophil count has 
been normal. Atrial fibrillation developed in April 1973 
and has persisted. Her local physician reported in Septem- 
ber 1974 that her exercise tolerance was adequate, 
although there was evidence of gross mitral and tricuspid 
regurgitation. She was being treated with digoxin, furo- 
semide, spironolactone, and a thiazide. 

Case 4.—A 50-year-old male engineer had been known 
to have an elevated eosinophil count since 1969—about 
40% of a total leukocyte count of 15,000. Apart from 
having mild diabetes mellitus and, in the past, a number 
of episodes of renal colic, he was in good health. In 
1973 thrombocytopenia developed. Since this proved 
unresponsive to steroid therapy, splenectomy was per- 
formed in July of that year. The spleen weighed 1,850 g 
and was infiltrated massively by eosinophils, most of which 
were mature, but a few immature forms including meta- 
myelocytes were seen. His postoperative course was com- 
plicated by the development of a subdiaphragmatic 
hematoma. 

In September 1973, he developed diffuse body aching 
and increasing malaise. Physical examination 1 month 
later revealed that the jugular venous pressure was slightly 
elevated, the predominant wave being an A wave. The first 
and second heart sounds were normal. He had a grade 
2/6 pansystolic harsh apical murmur transmitted to the left 
axilla. The murmur decreased when he inhaled amyl 
nitrite. No diastolic murmur was heard. Lung fields 
were clear at auscultation. The liver was thought to be 
just palpable below the right costal margin. His elbows, 
ankles, and knees were moderately swollen and tender and 
his calf and forearm muscles were painful. The significant 
laboratory abnormalities were those of marked peripheral 
eosinophilia, bone marrow eosinophilic hyperplasia, and 
elevations of serum vitamin B,, and of IgG. An echo- 
cardiogram demonstrated moderate to marked thickening 
of the walls of both ventricles, a pattern suggestive of 
infiltrative cardiomyopathy or mural thrombosis, or both. 

While undergoing evaluation, his dyspnea worsened 
and peripheral edema appeared. His jugular venous pres- 
sure was elevated, a cardiac gallop rhythm was present, 
and the liver was larger, extending to 6 cm distal to the 
right costal margin. Treatment with digoxin and furose- 
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mide gave rapid relief. Also, during this evaluation his 
leukocyte count decreased from 124,000 to 21,000, 
without treatment, over a 2-week period, while the dif- 
ferential cell counts remained essentially in the same pro- 
portions. However, his hemoglobin also decreased from 
14.9 to 10.6 g/dl. A review of the splenic tissue removed 
in July suggested the presence of a myeloproliferative 
disorder, possibly a variant of chronic granulocytic leu- 
kemia. For this reason, a trial of hydroxyurea was begun 
late in November 1973. A week later, however, ascites, 
ankle edema, and severe pruritus became evident. Over 
the next 4 months his condition gradually deteriorated. 
Thrombocytopenia became evident and worsened despite 
discontinuation of the hydroxyurea. From January until 
his death in March 1974, his course was one of intrac- 
table cardiac failure. 

At autopsy, the heart was markedly enlarged—780 g 
in weight. The most striking abnormality was a nodular 
deposition of fibrin and thrombus involving the entire 
endocardial surface of both ventricles and occupying about 
50% of the capacity of each ventricle. There was some 
extension of thrombus onto the base of the pulmonary 
valve. A large hemorrhagic vegetation was found on the 
anterior cusp of the mitral valve. The liver weighed 3,400 
g. A right pleural effusion was present, whereas the left 
lung was covered by thick fibrous pleura. On microscopic 
examination, fibrin-platelet material covered the endo- 
cardial surface; deep to this layer there was a prolifera- 
tion of connective tissue not only in the endocardium but 
also extending into the myocardium, which showed a 
marked infiltrate of eosinophils and round cells. Sections 
of the liver showed areas of extramedullary erythropoiesis 
and ventricular necrosis secondary to congestive cardiac 
failure. Eosinophilic infiltrates were prominent in lymph 
nodes, liver, kidneys, skin, pancreas, and lung. 

Case 5.—A 26-year-old male steelworker presented at 
the Mayo Clinic in May 1974 with the chief complaint 
of progressive fatigability of 4 months’ duration and in- 
creasing exertional dyspnea for 3 months. Investigation 
elsewhere had revealed the presence of a cardiac murmur, 
not previously detected, as well as hepatomegaly, pul- 
monary congestion, peripheral edema, and marked eosino- 
philia. Some improvement occurred during therapy with 
digoxin and diuretics. On physical examination, third 
and fourth heart sounds were present, as were a grade 
3/6 blowing, holosystolic apical murmur, a grade 1/6 short 
diastolic murmur at the left sternal border, and a peri- 
cardial friction rub at the anterior axillary line. His liver 
measured 13 cm overall in the mid-clavicular line; the 
spleen was just palpable. The laboratory studies revealed 
anemia, striking eosinophilia, a low LAP score, elevated 
vitamin B,» and unsaturated B, binding capacity, and in- 
creased immature granulocytic elements, especially in the 
eosinophil line, on bone marrow study (Tables 1 through 
3). Treatment with hydroxyurea was begun. Initially, 
he received two doses of 6 g each, 3 days apart, followed 
by daily doses of 1 g. He did show a definite response to 
this treatment—his liver and spleen became impalpable and 
his leukocyte count fell to 5,400/mm® (38% eosinophils). 
Therapy with digoxin and a diuretic was continued. 

Early in June 1974, however, severe diarrhea occurred 
and persisted for 3 weeks despite cessation of all his 
medications except furosemide. When reassessed the next 
month, he thought that he had improved—the diarrhea 


700 ENDOMYOCARDIOPATHY WITH EOSINOPHILIA 


was virtually gone and his exercise tolerance was much 
better. Proximal muscle wasting and pruritus were new 
developments, however. The venous pressure was mark- 
edly elevated, the prominent waves being the X and Y 
F descents, which were very rapid. Cardiac murmurs typical 

of mitral and tricuspid regurgitation and third and fourth 
ae heart sounds were noted. No hepatosplenomegaly was 
R detected. A small bowel roentgenogram was normal. 
Duodenal biopsy showed increased numbers of eosino- 
phils but not a diffuse infiltrative process. A trial of alter- 
nate-day steroids (prednisone, 80 mg in four divided 
doses every other day) was instituted, in addition to resump- 
tion of digoxin and diuretic therapy. 

During the next 2 months, his progress was satisfactory. 
His leukocyte count was maintained in the 14,000 range, 
and his prednisone dosage was reduced to 20 mg every 
S other day. However, late in September it had increased 
= to 33,000 with 53% eosinophils. Prednisone dosage was 
increased to 50 mg/day and maintained at that amount until 
January 1975. Evaluation then revealed that he was able to 
perform light work but he tended to retain excessive 
fluid readily. Because there had been no real response 
to steroid therapy, hydroxyurea (500 mg four times daily) 
+ was added. Within 1 week, his leukocyte count de- 
Te creased from 12,600 to 3,700 and the eosinophil 
differential decreased from 39% to 7%. Hydroxyurea 
Dra dosage was tapered over a 3-week period but prednisone 
s was continued, as was digoxin, a diuretic, and diphenhy- 
_ dramine, 100 mg at bedtime (for pruritus). When evaluated 

last in August 1975, his general health was satisfactory 

and he had continued working. Clinically, his cardiac 

status was unchanged but his lung fields were clear and 

neither the liver nor the spleen was palpable. An echo- 
= cardiogram was unchanged from the recording made in 
January. His leukocyte count was 8,700 with 19% eosin- 
‘ophils. It was decided to continue the same therapeutic 
regimen. 
Comments on the Cases.—These five cases show 
= many features common to all. There was a male 
predominance with a mean age of 32 years. Three 
patients have died, all within 4 to 5 years of the first 
symptoms. In the other two, the duration of the 
illness has been 20 months and 4 years, respectively. 


the majority, significant eosinophilia preceded 
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Hemoglobin Total leukocyte Eosinophil 


> R count (x103 differential (%) 
o TA 6.7 to 13.4 15 to 84 
13 to 22.4 45 to 70 
6.7 to 18.0 20 to 25 
(initially) 
17 to 124.0 9.7 to 15 
= z: a ab : 
7t012.0 3.7 to 33.0 7 to 80 
mes 02? 
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definite cardiac impairment. Easy fatigability and 
dyspnea were prominent symptoms in each patient, 
although one (case 1) presented with acute arterial 
insufficiency of his lower limbs. The heart was the 
major target organ in all five; each had sinus tachy- 
cardia, cardiomegaly, congestive cardiac failure, and 
systolic murmurs indicative of insufficiency of one or 
both atrioventricular valves. Endocardial thickening 
or mural thrombi, or both, were demonstrated in three 
patients. Hepatosplenomegaly, transient or persis- 
tent, was present in all. 


Laboratory Studies. Hematologic.--1. Light 
microscopy: In each case the periphera: blood 
showed striking eosinophilia (Table 1). nly ‘n case 
3 has there been regression of the : »hilia; 
indeed, that patient has shown nor: 'kocyte 
counts and differential without therapy : ieast 2 
years. 

Under light microscopy, the eosinophils appeared 
normal in each case. However, close scrutiny re- 


vealed that the eosinophils in two of the cases had 
decreased numbers of granules as well as vacuola- 
tion of the cytoplasm. Case 5 showed some hyper- 
segmentation of the eosinophilic nuclei. With the ex- 
ception of case 4, in which there were significant 
increases in the basophil counts, there were no 
other abnormalities in leukocytic morphology. All 
patients had significant anemia and three developed 
thrombocytopenia. 

Bone marrow differential counts showed increased 
granulopoiesis, notably in the eosinophilic line. 
However, cell maturation was orderly, with no pa- 
tient having a significant increase in blast cells, 
although case 1 did have a slight excess of immature 
forms. 

2. Electron microscopy: Buffy coats from periph- 
eral blood were fixed and processed for electron 
microscopy from cases 3, 4, and 5. In addition, bone 


Table 1.—Peripheral Hematologic Data 


Platelet 
count Comments on peripheral smear 
Reduced Majority of eosinophils mature, but some 


showed reduced numbers of, and irregular, 
granules 

Eosinophils mature; late in course, thrombo- 
cytopenia and fragmented red cells 

Eosinophils mature; moderate red cell macro- 
cytosis 

Eosinophils appeared mature except for re- 


Reduced terminally 
Normal 


Reduced (temporary 


improvement duced numbers of, and irregular, granules; 
following vacuolation of cytoplasm, mild neutrophilic 
splenectomy) immaturity 

Normal Eosinophils appeared mature, though some 


had hypersegmentation of the nucleus 
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marrow particles were similarly processed from case 
5. Initial fixation was carried out with 3% glutaral- 
dehyde in phosphate buffer (pH 7.3) for 3 hours at 
room temperature. The specimens were pastfixed in 
osmic acid, dissolved in phosphate buffer, and 
embedded in Epon 812. The sections were obtained 
in an LKB Ultratome Ill Microtome (LKB Instruments, 
Rockville, Maryland) and viewed unstained or 
double-stained with lead citrate and uranyl acetate. 
In some instances, specimens were reacted for peroxi- 
dase after glutaraldehyde fixation, following the pro- 
cedure of Graham and Karnovsky. '? These specimens 
were processed subsequently as described above. 
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Fig. 1. Survery electron micrograph showing four eosinophils and two neutrophils (Neu.) from case 4. In all eosinophils, 
large and very electron-dense, round, cytoplasmic inclusions or granules are seen. “Specific” eosinophil granules 
contain central cores; N = nuclei. (<5,400.) 


A Hitachi HU-12 or Phillips 201 electron micro- 
scope was used to examine the specimens. 

For the purpose of comparing the morphology of 
the eosinophils, we studied several patients with 
marked eosinophilia of different etiologies but without 
clinical endomyocardiopathy. This group included a 
one patient with reticulum cell sarcoma (no evi- — 
dence of endomyocardiopathy at autopsy), another 


=: 


Sh 


geneously very electron-dense cytoplasmic inclu- 


702 


ENDOMYOCARDIOPATHY WITH EOSINOPHILIA 


Fig. 2. This electron micrograph (case 4) taken at higher mag- 
nification shows in better detail two eosinophils containing 
large granules or inclusions (!) as well as similar granules of 
smaller size (arrows). Again “specific” eosinophil granules 
possess central cores; N = nuclei. (x 13,050.) 


sions. These inclusions did not possess the charac- 
teristic crystalline core of the mature eosinophilic 
granule. They varied in size but were usually larger 
than the normal mature granules. The latter often 
were unevenly distributed and were present in fewer 
numbers. The homogeneously dense inclusions or 
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granules were osmiophilic or inherently electron 
dense because they appeared equally dense in the un- 
stained sections. It was not possible to ascertain 
whether they possessed peroxidase activity because 
the electron density was the same in the reacted and 
unreacted preparations. In favor of the possibility 
that they are indeed immature granules is the observa- 
tion that they were relatively more prominent and 
numerous in the earliest, undifferentiated eosinophilic 


precursors (for example, myelocytes).'* Similar gran- 
ules or inclusions were also detected in the eosino- 
phils of the three control patients with marked eo- 
sinophilia but without apparent endomyocardiopathy. 

3. Cytogenetic studies: The direct bone marrow 
chromosome preparation of Tjio and Whang'™ was 
used. Twenty-five consecutive evaluabic metaphases 
were examined, photographed, and karyotyped when 
possible. The results are detailed in Table 2. No 


Philadelphia chromosome was seen in these studies, 
nor were extra chromosomes observed. As can be 
noted in Table 2, all but one patient showed chromo- 
somal loss but the only significant departure from 
normal values was found in case 1, probably in the 
C group. 

4. Biochemical studies (Table 3): One of the pa- 
tients had a reduced LAP score; in addition, case 2 
was reported to have a low LAP score before refer- 
ral. Case 1 had an elevated value. The serum 
vitamin B,» level was increased in four of five pa- 
tients and the unsaturated vitamin B, binding capa- 
city was increased in two of the three patients tested. 
Coagulation studies were performed in four patients; 
although some abnormalities were found, a significant 
degree of disseminated vascular coagulation was not 
thought to be present at the times of study, with the 
possible exception of case 2. That patient has 
schistocytes, thrombocytopenia, and increased ac- 
celeration of the thromboplastin generation test late 
in his illness. 

Cardiac Data (Table 4).—All patients developed 
clinical evidence of mitral insufficiency, tricuspid 


Table 2.—Direct Bone Marrow Chromosome Studies* 


Number of 
metaphases studied A 
8/15/68 25 0 
12/19/68 25 0 
12/2/71 25 0 
E 11/1/73 6 0 
0 


5/9/74 30 


oooo°o|® 


mes were not observed in any metaphases of this study. 
a chromosome was seen in any of these five patients. 


Chromosome loss by chromosome group 


C+X D E F G+Yt 
10 2 4 2 0 
0 0 0 0 2 
2 1 0 2 4 
0 0 0 0 (0) 
2 0 1 0 0 
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Table 3.—Miscellaneous Laboratory Studies 


Leukocyte alkaline 


Serum vitamin B 2 
phosphatase score 


Unsaturated B, binding 
(pg/ml) 


capacity (pg/ml) 


Case (normal, 30-70) (normal, 170-760) (normal, 870-1,800) Abnormalities of coagulation 
1 124 >2,250 ND* Factor VIII, grade 2 acceleration of TGTt 
2 57 500 ND Grade 3 acceleration of TGT 
3 60, 95 1,164 1,123 Prothrombin time, partial thromboplastin time 
4 39 >1,400 3,380 ND 
5 14 >1,400 5,580 Prothrombin time 
*ND = no data. 


ETGT = thromboplastin generation test. 


esuificiency, and congestive heart failure. The chest 

enigenogram and electrocardiogram showed non- 
-pecific abnormalities. Cardiac catheterization 
studies were performed on patients 1, 2, and 3. All 
had significantly increased wedge pressures compat- 
ible with mitral regurgitation, with patients 1 and 2 
showing pulmonary hypertension. The cardiac index 
was low-normal in case 1 and significantly depressed 
in cases 2 and 3. Left ventriculograms in three pa- 
tients confirmed the presence of significant mitral 
insufficiency, and in one case mural thrombus was 
suspected. Echocardiography was helpful in the clini- 
cal evaluation of three patients: in case 3 a large 
pericardial effusion was detected; in case 4, there was 
moderate to marked thickening of the walls of both 
ventricles; and serial echocardiograms done on case 5 
showed increasing dimensions of the left atrium and 
left ventricular cavity over a 6-month period between 
July 1974 and January 1975. 

Pathology (Table 5).—In each of the three cases in 
which autopsies were performed, the most impressive 
changes were in the heart. Mural thrombi were 
present within the left ventricular chamber in all three 
and in the right ventricle in one. The thrombi were 
friable and consisted of an inner layer of pale pink 


Table 4.—Cardiac Catheterization Data 


Pressure 
Case 1 Case 2 Case 3 
Measurement (mm Hg) (mm Hg) (mm Hg) 

Femoral artery 110/60 130/78 124/83 
Wedge 30/12 36/18 32/27-22-27 
Pulmonary artery 47/20 48/26 30/21 
Right ventricle 45/2-8 46/11-19-22 31/8-23 
Mid right atrium 8/0 24/14 27/14 
Systemic index 

(liters/min per m3 2.6 1.9 1.8 
Systemic resistance 

(units/m?) 29.6 5.0 52.0 
Pulmonary resistance 

(units/m?) 11.2 role 13.0 
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fibrin overlaid by a deep red deposit of clotted blood. 
The border between the two layers was usually 
indistinct. The thrombus had a distinctly lamellar 
appearance. The deep parts of the thrombi were 
firmly attached to a markedly thickened, white endo- 
cardium (Fig. 3). Microscopically, the endocardium 
was seen to consist of vascularized collagen that pene- 
trated, in narrow bands, deeply into the adjacent 
endocardium. Infiltrating the scar tissue were mod- 
erate numbers of lymphocytes with occasional plasma 
cells and eosinophils. In case 1 (Fig. 4), focal collec- 
tions of eosinophils were present within the inter- 
stitium of the myocardium as well as in muscle 
cells—giving the appearance of an eosinophilic 
microabscess. All three hearts had significant bi- 


Table 5.—Summary of Autopsy Data 


Organ Case 1 Case 2 Case 4 
Heart 
Enlargement + + + 
Weight, g 430 500 780 
Mural thrombus + + + 
Endocardial thickening + + + 
Myocardial fibrosis + + + 
Eosinophilic infiltrate + - + 
Lungs 
Pleural effusion -= + - 
Pleural fibrosis -= + + 
Pulmonary edema + + - 
Eosinophilic infiltrate - - + 
Liver 
Enlargement + + + 
Weight, g 2,940 2,490 2,400 
Centrilobular necrosis + + + 
Eosinophilic infiltrate = - + 
Spleen 
Enlargement + + + 
Weight, g 830 405 1,800 
Congestion of pulp + + a 
Eosinophilic infiltrate + - + 
Kidneys 
Glomerulopathy Focal © Membranous Membranous 
proliferation 
Eosinophilic infiltrate - =- a 


a 
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Fig. 3. Left ventricular cavity in endomyocardiopathy with 
eosinophilia (case 2). Cavity is nearly filled with granular 
friable thrombus firmly attached to thickened endocardium. 


ventricular hypertrophy. Valvular abnormalities were 
present only in case 4, as indicated in the case report. 

In two of the patients (cases 1 and 4), the bone 
marrow was markedly hypercellular, containing in- 
creased numbers of mature eosinophils as well as 
eosinophilic metamyelocytes and earlier forms of the 
myeloid series. The latter were particularly promi- 
nent in case 1. Megakaryocytes were rarely en- 
countered in these two cases and erythropoiesis 
was significantly decreased. In case 2, the bone 
marrow was normocellular and had the usual number 
of megakaryocytes and erythroid elements. Mature 
eosinophils, however, were somewhat increased in 
number. 

The glomeruli in all three cases studied were ab- 
normal. Two (cases 2 and 4) contained early mem- 
branous changes and, in case 1, focal proliferation 
was present. These alterations were not striking. 
Although hepatomegaly was present in each of the 
cases, an eosinophilic infiltrate was present within 
the portal spaces only in case 4. Splenomegaly 
was also prominent in all three, with significantly 
increased numbers of eosinophils within the sinusoids 
of cases 1 and 4. The media of the small arteries 
| the lungs of case 1 was significantly thickened, 
> resembling the changes seen in patients with sustained 
pulmonary hypertension. 

à llaneous.—A number of other tests were per- 
n all or some of the group: serum protein 
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electrophoresis, hepatitis-associated antigen, anti- 
nuclear antibody, uric acid, Trichinella skin test, 
and stool examinations for ova and parasites. None 
showed abnormal values. Serum immunoglobulins 
were measured in cases 4 and 5, the former show- 
ing raised IgM (2.95 mg/ml; normal, 0.2 to 1.4), the 
latter increased IgG (19.06 mg/ml; normal, 6.4 to 
14.3). It is of interest that, in the two patients in 
whom the serum IgE was measured, it was found 
to be low in each—<3.7 ng/ml in case 4 and 9.5 
ng/ml in case 5 (normal, 6 to 780 ng/ml). 
Treatment.—Although the illness app to have 
reached an inactive stage in one patient, ihe thera- 


peutic regimens have been generally disappointing. 
Treatment with immunosuppressive « totoxic 
agents, or both, was used in each patient, as well as 
the usual methods to control congestive cardiac fail- 
ure. None of the three who died gained noticeable re- 
lief from the use of steroids, azathioprine, or hydroxy- 
urea. Diphenhydramine appeared temporarily bene- 
ficial in case 1 but gave no relief in case 2. Of the 


two survivors to date, case 3 was treated with busul- 
fan but without recordable benefit during the thera- 


Fig. 4. Myocardium from case 1; focal collection of cells, 
mainly eosinophils, is present with muscle cell damage and 
infiltration into interstitium. (Hematoxylin and eosin; x205.) 


ers. e 


Mayo Clin Proc, Nov 1976, Vol 51 


ENDOMYOCARDIOPATHY WITH EOSINOPHILIA 705 


peutic period. Resolution of her eosinophilia came 
12 months later, while on no specific therapy. How- 
ever, severe restrictive cardiopathy with incompetent 
atrioventricular valves persists. The remaining pa- 
tient (case 5) does appear to have responded to 
hydroxyurea on two occasions—eosinophil counts 
were lowered and his hepatosplenomegaly decreased. 
For the past 12 months, he has been maintained 
with prednisone (50 mg daily) with apparent stabili- 
zation of his cardiac status. In two of the fatal cases, 
anticoagulant therapy was used but it did not seem 
o alier the course of the illness. 


DISCUSSION 

e believe that each of these five patients has suffered 
from the same disease entity. In essence, we see a 
young to middle-aged person, usually a man, who has 
severe restrictive heart disease, striking and persis- 
tent eosinophilia, and a generally unfavorable clinical 
course despite intensive therapy. A search of the 
medical literature reveals over 100 case reports 
of disease entities designated as eosinophilic leuke- 
mia,’ disseminated eosinophilic collagen disease,® 
Loffler’s endocarditis parietalis fibroplastica,® endo- 
myocardial fibrosis and eosinophilia,!° and hyper- 
eosinophilic syndromes. !! Included in these are many 
patients—indeed, a majority—who would fit the clini- 
cal picture described above. We should like to de- 
scribe briefly the characteristics of the above diseases. 


In 1969, Benvenisti and Ultmann'> reviewed 48 
autopsy case reports (including 5 of their own) of 
patients believed to have had eosinophilic leukemia. 
Selection was based on the following criteria: hepato- 
splenomegaly, lymphadenopathy, and marked per- 
sistent eosinophilia, usually with anemia and 
thrombocytopenia. Males predominated and most 
were younger than 50 years of age. Heart failure, 
respiratory distress, central nervous system dysfunc- 
tion, and fever were typical manifestations. Therapy 
failed in all instances, 80% dying within 12 months 
of diagnosis. At autopsy, the liver, spleen, lymph 
nodes, heart, lungs, and central nervous system were 
infiltrated with eosinophils. The presence of imma- 
ture eosinophils, including increased numbers of blast 
cells, was observed in the infiltrates in 27 cases. 
Mural thrombi were noted in 30%, often associated 
with endomyocardial fibrosis. Obviously, many of 
these patients had a disease similar to those in our 
group. 


Brink and Weber'!® reviewed 40 autopsy cases of 
endocarditis parietalis fibroplastica (of Löffler) report- 
ed in the literature up until 1962. (Included in the 


series were 26 cases that had previously been re- 
viewed by Weiss-Carmine.!7) Of these, men out- 
numbered women three to one. In 30 patients, 
death occurred within 2 years of the onset of the 
illness. All but three had significant eosinophilia, 
most having eosinophilic infiltration of various organs. 
The usual clinical picture was that of congestive heart 
failure, often with systolic murmurs typical of mitral 
or tricuspid insufficiency, or both. Most had mural 
thrombi superimposed on thick, fibrous endocardium 
of either or both ventricles, with extension of in- 
flammation or fibrosis into the adjacent myocardium. 
Vascular lesions of the small coronary arteries (fibrin- 
oid necrosis, vasculitis, internal fibrous thickening) 
were noted in over half of the cases. 

Endomyocardial fibrosis (EMF) is a form of heart 
disease widespread throughout equatorial Africa, with 
an incidence about the same as that of rheumatic 
heart disease. !® The cardiac abnormalities are similar 
to those described in Löffler's endocarditis—that is, 
marked thickening of the endocardium with scarring 
of the inner myocardium of one or both ventricles. 
The papillary muscles are also involved, so that the 
mitral and tricuspid valves are often rendered incom- 
petent. In a careful review by lve and associates, !8 
43% of 47 Nigerian patients also had significant 
eosinophilia and there seemed to be a close relation- 
ship between EMF and filariasis. However, in an- 
other review by Brockington and associates!’ of 20 
Europeans who had EMF and who also had lived in 
equatorial Africa, 18 had marked elevations of the 
peripheral blood eosinophil counts. (No comments 
were made concerning abnormalities in eosinophilic 
morphology.) In the latter series all the patients were 
men, and the average age was 34 years. 

In 1956, Engfeldt and Zetterstr6m® reported the 
cases of two children with marked eosinophilia and 
infiltration by eosinophils of various organs, especial- 
ly the heart, lungs, central nervous system, skin, and 
skeletal muscles. One of the patients died in acute 
cardiac failure, the heart showing mural thrombus 
and thickened endocardium with inflammation and 
fibrosis of the myocardium. The other was shown 
clinically to have cardiac involvement. In particular, 
they stressed the presence of changes in the small 
blood vessels, not only in the heart but in other tis- 
sues—for example, thrombosis and endarteritic nar- 
rowing. As both patients also had hypergammaglobu- 
linemia, the authors favored the term “disseminated 
collagen vascular disease” (DECD) to implicate an 
autoimmune etiology. Subsequently, other au- 
thors?! have favored such a designation for endo- 


myocardiopathy and striking eosinophilia, with addi-~ _ 
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tional involvement of other organs such as the lungs, 
skin, and skeletal muscle. 

Thus, included in the above entities are many pa- 
tients with similar clinical and pathologic features, 
albeit with minor variations. Roberts and associates!° 
proposed that each reflects the same disease at dif- 
ferent stages of development. Hardy and Anderson! 
also believed that each of these disease entities 
formed part of a continuum and therefore proposed 
the term “hypereosinophilic syndromes” to encom- 
pass the group. Such a broad term has gained 
some acceptance but we are in accord 
with Zucker-Franklin”? in believing that it is too non- 
specific. An excellent review of the hypereosino- 
philic syndrome was recently published by Chusid 
and associates.** Fourteen patients were studied and 
all were found to have some cardiac abnormality, 
even though no abnormality was suspected in some 
members of the group. This study suggests that 
cardiac involvement may be more prevalent than 
previously recognized in diseases associated with 
marked eosinophilia. Thus, there may be some justi- 
fication for retaining the designation hypereosino- 
philic syndrome, but we prefer to use the term ‘‘endo- 
myocardiopathy with eosinophilia” in this group 
of patients, in order to focus on the major site of 
one disease, and therefore follow the usage proposed orig- 
; _ inally by Roberts and associates. !° 

In considering this spectrum of diseases, one of the 
central issues of controversy has been the classifica- 
tion of eosinophilic leukemia. In his review of the 
subject, for example, Bousser*4 doubted that any of 
the 29 such case reports truly represented eosino- 
philic leukemia and were probably most indicative 

_ of a leukemoid response. Odeberg,?° studying the re- 
~ ports of 16 additional cases, agreed. Although he be- 
lieved that many of the cases did have a leuke- 
nic process, and even immature eosinophils in 
_ peripheral blood and bone marrow in some cases, 

he believed that the marked eosinophilia represented 
1 reactive phenomenon. In this regard, there are 
two ‘recent papers reporting eosinophilia associated 
acute lymphoblastic leukemia.*>5 Two of the 
ses proved to be endomyocardial disease but, 

ree, the eosinophilia was suppressed when- 
mission of the leukemia occurred. Also, we 
ve a Ca e ir n our files of a 30-year-old man who 
1 ombophlebitis of his left leg and 
d to have a systolic murmur, scat- 
i trates, hepatosplenomegaly, and 
| iline 000 to 30,000 mature 
ubic m limete ; no immature cells). 
ute leukemia of in- 
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determinate type and died within 2 weeks of this diag- 
nosis. Autopsy revealed subendocardial and myo- 
cardial fibrosis with mural thrombosis of the left ven- 
tricle. Both liver and spleen showed passive conges- 
tion, the latter also with marked infiltration by mature 
eosinophils. Thus, as with some of the cases dis- 
cussed by Odeberg,” their patients undoubtedly had 
leukemia but the leukemic cell lines were different 
from the eosinophils. From another point of view, 
eosinophilic leukemia has been considered to be a 


variant of chronic granulocytic leukemia. Such addi- 
tional findings as coexisting basophilia,***" elevated 
serum vitamin B, and By binding, cape: ity,%® re- 
duced leukocyte alkaline phosphatase score*! (pres- 
ent in one of our five patients), and the presence of 
a Ph! chromosome®? have been use io support this 
diagnosis. To date, the Ph! chromosome, which is 
almost invariably present in chronic granulocytic 


leukemia, has been identified only in rare instances 
of eosinophilic leukemia.232933 On the other hand, 
cytogenic studies have shown inconsistent abnor- 
malities?® (as in our cases). In these five cases, 
the only consistent abnormalities were shown in 
the vitamin B,» and B, binding capacities (elevated 
in four and two cases, respectively). Such a finding 
is considered by Fledelius?“ to separate patients with 
eosinophilic leukemia from those with benign hyper- 
eosinophilic states, but we have recently shown that 
both of these modalities can be elevated in benign 
diseases and marked eosinophilia.*> 

None of our five patients appeared to be suffering 
from a leukemic process. Although the eosinophils 
in the peripheral blood did show some abnormal 
characteristics (vacuolation of the cytoplasm and 
scarcity or increased size of the granules), they 
were essentially mature. We were impressed by the 
presence of homogeneously dense bodies noted on 
electron microscopic study but we also observed such 
granules in various types of eosinophilias used as con- 
trols. Originally, the presence of these granules was 
believed to be diagnostic of the malignant or fatal 
eosinophilias%® but, in addition to our observations, 
Zucker-Franklin and Grusky!3 have described these 
granules from human peripheral blood cultures and 
state that they have observed them in eosinophilias 
other than those associated with endomyocardial 
disease. Such granules, therefore, are not peculiar 
to this spectrum of diseases. 

In a retrospective study such as this, we cannot hope 
to shed much light on the dilemma of the diagnosis 
of eosinophilic leukemia. Studies of the patients 
with marked eosinophilia and a leukemic process 
involving other leukocytic lines suggest that the 
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eosinophilia is reactive.2627 Precise stimulating fac- 
tors could not be determined, but such studies sug- 
gest that the marked eosinophilia is involved in an 
immune defense phenomenon. Although many of 
the functions of the eosinophil have not been fully 
resolved, various workers have shown increased 
eosinophil production to be involved in both humor- 
ally®7 and cellularly3® mediated immune reactions. 
Perhaps there is an alteration in a structural protein 
of the endocardium or the myocardium, or both, 
possibly by a virus or by a mycoplasma,*® thus es- 
tablishing a foreign antigenic stimulus. The eosino- 
phils are then attracted to the region and act in a 
defensive capacity, rather than possessing inherent 
cardiotoxic properties, as has been suggested. +° 
Thal extreme persistent eosinophilia is not in itself 
detrimental to the heart is suggested by a patient 
now being studied by us who has had an eosino- 
phil count of about 10,000/mm? continuously for 10 
years or more but in whom we cannot demon- 
strate cardiac abnormality. Because we believe that 
the marked eosinophilic response is representative 
of the body’s defense against an immunologic insult, 
we would expect that therapy with steroids or cyto- 
toxic agents, or both, would be the logical weapon 
to control the disease. However, not only has such 
therapy proved to be disappointing in most cases but 
also it has had little effect in reducing eosinophil 
counts. This finding implies that the stimulus to 
eosinophilia is a powerful one and that the thera- 
peutic regimens should be intensive. 

Finally, we wish to stress the importance of study- 
ing carefully any patient found to have extreme per- 
sistent eosinophilia. Although this hematologic 
state may reflect some comparatively benign condi- 
tion such as bronchial asthma, it also may herald a 
rapidly fatal illness. If such diseases as polyarteritis 
nodosa and Hodgkin’s disease are not evident, atten- 
tion must be directed toward thorough cardiac 
evaluation. 
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A series of 111 index subjects with chronic obstructive pulmonary disease (COPD) 
who had forced expiratory volume in 1 second (FEV ,) of 70% or less of that predicted were 
matched on the basis of age, sex, occupation, and smoking history with control subjects 
who had an FEV, of 85% or more of that predicted. Index and control subjects with 
seasonal or reversible airway disease were excluded. Men outnumbered women by a ratio 
of 4.5 to 1. Thirty-five percent of the women and 2% of the men were nonsmokers (0 
pack-years). There were three PiZ phenotypes in the index group (two nonsmokers) and 
none in the controls. PiMZ phenotypes in the index group outnumbered those in the 
controls by 8 to 5. Host factors that might be important in these closely matched pairs 
were sought by history, physical examination, and a large battery of laboratory tests. A 
standard respiratory questionnaire revealed the anticipated significantly higher frequency 
of cough, phlegm, noisy respiration, and all grades of dyspnea in index subjects. Previous 
lower respiratory tract infections also were more frequent in index subjects than in 
controls. There were no detectable differences between groups in the frequency of upper 
airway infections, nasal polyps, sinus surgery, or reported allergy to any substance. If the 
British Medical Research Council's definition of chronic bronchitis were applied to our 
study, about two-thirds of our index subjects and almost one-third of our controls would be 
considered to have chronic bronchitis. Pack-years of smoking were not significantly 
associated with the amount and duration of cough and expectoration in male or female 
index subjects or controls. Significant differences between index and control groups on 
physical examination included the audible forced expiratory flow time over the trachea, 
the estimated maximal midexpiratory flow, breath sounds, rales, and total excursion of 
the hemidiaphragms. An endocrine questionnaire and measurement of blood sex 
hormones did not give any clues as to the propensity of males to develop COPD. Women 
with airway obstruction similar to that of men had histories of significantly fewer pack- 
years than did the men, and there was a much larger proportion of women who never 
smoked. Further studies, specifically on genetic and immunologic characteristics, are 
under way to identify potential host factors. 


Chronic obstructive pulmonary disease (COPD) includes the disease 
spectrum of obstructive bronchitis and emphysema and predominantly 
afflicts older men who usually are heavy smokers. Although the environ- 
mental influences on COPD have been extensively investigated,! less 
attention has been given to host factors,” the well-known exception being 
the a,antitrypsin deficient states. 

To determine the potential host factors for COPD, we undertook a 
matched-pair study in a rural region with low industrial pollution. The 
subject pairs were matched for age, sex, occupation, and smoking history. 
This report concerns the design, subject selection, matching, and the 
clinical characteristics as they pertain to pulmonary function. 


SUBJECT SELECTION í 

Only subjects who lived in a 12-county area in southeastern Minnesota 
(Fig. 1) were considered. An index subject with COPD was defined as 
a subject between 45 and 60 years of age who had a forced expiratory 
volume in 1 second (FEV) of 70% or less of that predicted, based on the 
no-disease formulas of Ferris and associates.* Index subjects were selected 
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Hit eastern Minnesota. The numbers in parentheses represent 


index cases over number of control cases. Solid dots represent 
locations of air-sampling stations. 
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4 {i ¿© pulmonary disease. If a diagnosis of asthma had 

| t hilt previously been made (and not bronchitis, emphy- 

Poet} He sema, or COPD) the patient was not included in the 
EE ó study. Once studied, no patient was excluded for 
i c reporting “allergy” to one or more substances. An 


FEV, of 85% or more of that predicted was established 
___ forsubjects who were considered as matched controls. 
Potential index subjects were chosen from the Mayo 
Clinic diagnostic files and from the files of physicians 
= practicing in the area (Fig. 2). Nonresponders after 
follow-up letters were considered refusals. Potential 


zin 


S 


-of patients with fractures treated or dental extractions 
carried out at the Mayo Clinic or with fractures treated 
__ by physicians in the area whose patients had been in- 
cluded as index subjects. Matched pairs were from 
| the same record source (Mayo Clinic or non-Mayo 
E. Clinic) in 79 instances. The results were similar in 

= those pairs having matched (79) and unmatched (32) 
aa ecord sources. Twenty-one of the 111 index subjects 

ec uld not be matched for occupation by the method 


y contacted workers in the occupational cate- 
hrough the state employment office until we 
rol subject of the appropriate age and 


ving pulmonary function tests, 
< subjects and one potential 


By design, index subjects and their matched con- 
trols were separated by at least 15% of predicted 
FEV ,so as to have two distinct groups: one group with 
COPD and a normal control group (Fig. 3). We also 
used the prediction formulas for nonsmokers of Ferris 
and associates,’ Kory and associates,“ Morris and 
associates, and Berglund and associates® and found 
that index subjects and controls were also separated 
by these formulas. 


METHODS 
The FEV, was determined by obtaining forced expira- 
tory flow-volume loops using a wedge spirometer 
(Med Science 270, Med Science, St. Louis, MO) and 
incorporating a 1-second timer.7 From the flow- 
volume loop, the following measurements were 
determined: the peak expiratory flow (PEF) and the 
maximal expiratory flow (MEF) at 25% intervals 
(MEF, MEF 59, MEF,;) down the forced vital capacity 
(FVC) from maximal inspiration. The FEV,, PEF, 
MEF,;, MEFs, MEF,;, and FVC were determined by 
averaging the last three of five satisfactory efforts. 
Only in controls was a single-breath nitrogen curve 
done.® The average of three satisfactory efforts was 
used to determine the “closing volume’’® and the 
slope of the nitrogen plateau. +° 

Each subject whose FEV, appropriately classified 
him as index or control subject responded to a ver- 
bally administered health questionnaire and provided 
a family history. Each had a cardiopulmonary 
physical examination and posteroanterior and lateral 
thoracic roentgenograms to exclude specific pul- 
monary disease and to determine total lung capacity 
(TLC).11 On the same morning, blood was drawn for 
a large number of genetic, immunologic, and endo- 
crine studies. Detailed analysis of these studies is 
to be reported separately. Initial pulmonary func- 
tion studies were completed by 9:00 a.m. each day. 
Subjects who had histories of seasonal respiratory 
difficulty or dyspnea precipitated by exposure to 
extrinsic allergens suggestive of reversible airway 
disease were excluded from both the index and the 
control groups. 


MATCHING 
Of 111 matched pairs studied between February 
1973 and December 1974, 91 were men and 20 
were women, 

Ages were matched as closely as possible. The age 
range of all subjects was 45 to 60 years, and the mean 
age was 53.4 years for index and 51.9 years for 
control subjects for a mean difference in age of 1.5 


years. 


laridwar Collection. Digitized by S3 Foundation USA 
- e 


a Se 


|e J 


711 


HOST FACTORS IN COPD 


Mayo Clin Proc, Nov 1976, Vol 51 


*Bujyo}eu PUB UO!}e/9s ypafqns jo oneways 


sep a0 he 


“eWY)se D18J9]/e BUIpNjdxe Si!4OUO1q Dyewyjse pue eae eS E 


(££ = ʻ0u) 


(ız = ʻ0u) 
pəsnjəy 


(LZ = ʻou) 
padə29y 


(pawAul Zp) 


suonedn?20 314193ds 
yetu 0} p320 
Aduase yuausAojdua 
‘140591 \se] SY 


əseəsıp 8un| 19YO 
pəsnjəy pəsnjəy 
Asa8ins 3uNn7 AsaBins 3uNT 
%S8> "Add (971 = ʻou) (ZLL = ‘OU) %04< ‘ASS 
:pəpn|2x3 %Sg= "AJJ %04 'A34 :pəpn|2x3 


uoneuruexa jeorsÁyd 


uonouny Aeuowjnd 


(€L = ʻOU) 
paydaa.V 


(pau! 91) (pawau! YZZ) (payau! €L) (panut SZ) 
syeyidsoy ease Ul 4S9]1J UONIEXA ssueioisAyd +59|!} 
afl) IMPLI jejuap pue ainjoeyj eale 0} D1uljD OAeW 
Dut} OABW JO YDURaS uas 13}}2] jo youeas 


(G1 = ʻou) (sued LLL = “OU) 


$101)U09 
payryewupy 


sed paydyeus 
JO4ju0D pue xəpul 


uonedn220 
BuIyOWS 
XƏŞ 
əy 
:10} payoyew 
sjonuo> pue Xapu| 


aseasip Bun| 19410 


(LOZ = ‘OU) 


Ausojoge|Yd 

sÁe1-x SYD 
uoneulwexa jedIsÁyd 
aeuuonsand 
uonouny Aeuowjnd 


(6S1 = ‘OU) 


Aw0j\0g2|4d 
sAed-X }SA4) 


aeuuolsand 


(0 = ʻou) 
pasnyey 


(EL = ʻOU) 
paydaasy 


(66 = ʻ0u) 
pasnjay 


(£ = ʻou) 
pəsnjəy 


padə29y 


10 Yoseas 


jEnua}Od syoa{qns xepu| JenuəOd 


712 HOST FACTORS IN COPD 


Control mean=103% 
S.D.=12% 


Index meon = 46% 
S.D.=16% 


Number of subjects in interval 


Ọ 10 20 30 40 50 60 70 80 90 400 #10 420 430 4140 


iy FEV, ,% of predicted normal 


Et Fig. 3. Distribution of FEV, for index cases and controls. 
i Clear bars represent controls; stippled bars represent index 


$ 
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f i cases; solid bars represent index cases denying dyspnea. 

} A Because farming is the dustiest of local occupa- 
"a. tions, we determined the total years of farm exposure 
Ta in all subjects regardless of current primary work 


classification. Index and control groups had compa- 

ffs ii} rable exposure. Attempts were made to match spe- 

¢ cific occupations of longest duration, such as sheet 

| metal working, truck driving, meat packing, and white 

i} collar occupations. We distinguished between indoor 

i and outdoor aspects of similar occupations, acknow- 
ledging the seasonal climatic extremes. 

Matching for smoking was based on relative life- 
long cigarette pack-years (average daily cigarette con- 
sumption in packs times number of years smoked). 
Subjects with 0, less than 10, and 10 pack-years or 
more were classified as nonsmokers, moderate 
smokers, and heavy smokers, respectively. Nine 
matched pairs were nonsmokers (two male pairs and 
seven female pairs). Six additional pairs were moder- 
ate smokers. Ninety-six remaining pairs were heavy 

= smokers. The median was 38 pack-years for the entire 
index group and 33 pack-years for controls. It was 
_ impossible in the limited population base to find con- 
trols that matched for sex, age, occupation, and ab- 
_ solute number of pack-years. Nevertheless, we have 

= detailed the smoking history more than in many 
= studies, where subjects have been classed merely as 
ee smokers, ex-smokers, and nonsmokers. Although the 

Be median of pack-years was somewhat greater for index 
= cases than for controls, 62% of controls were current 
= smokers, whereas only 40% of index subjects were 


Bre mi Eas amn ~ 


ing was 20 cigarettes in both index and 
ps. 


valence of Symptoms Obtained by 
Anaire.—We anticipated that, in 


Mayo Clin Proc, Nov 1976, Vol 51 


would report a high frequency of cough, expectora- 
tion (phlegm), wheezing, whistling respirations, and 
dyspnea. Interestingly, the control subjects had sig- 
nificant degrees of cough and phlegm, but these 
symptoms were less frequent than among index 
subjects. The results of matched-pair analysis of 
some questionnaire responses are shown in Table 1. 
There were nine index subjects and six controls who 
denied cough but admitted to phlegm production. 
Attacks of dyspnea with wheeze were common in 
index cases (59%) but were also present in the 
control group (9%). Not all index subjects com- 


plained of dyspnea, even in the presence of pro- 
nounced reduction of FEV,. This could not be 
explained on the basis of sedentary occupation; only 
four were office workers. Twelve of the 16 did 


inside or outside physical work or farmed. The FEV, 
among these index subjects denying dyspnea ranged 
from 39 to 67% of that predicted (Fig. 3). 

Grades of dyspnea, compared between the matched 
pairs, were (as anticipated) significantly higher among 
index cases. This was particularly true of dyspnea 
worse than grade 1. Difficulty with chest illnesses 
was much greater among the index group. 

There was similar frequency of reported hives, 
eczema, hay fever, nasal polyps, or sinus surgery 


Table 1.—Matched-Pair Responses on the Expanded NHLI 
Questionnaire 


A. Do you usually cough first thing in the morning in bad 
weather? 


INDEX* 
Yes No Total 
Yes 24 11 35 
CONTROL No 50 26 76 
Total 74 37 111 


B. Do you usually bring up phlegm, sputum, or mucus from your 
chest first thing in the morning in bad weather? 


INDEX* 
Yes No Total 
Yes 24 12 36 
CONTROL No 45 29 74 
Total 69 41 110 


C. Have you ever had attacks of shortness of breath with 
wheezing? 


INDEX* 
Yes No Total 
Yes 7 3 10 
CONTROLES 59 42 101 
Total 66 45 111 


oa U a S 
* Significant difference from controls (P<0.001); two-tailed P value 
associated with x? test of correlated proportions. 


O 
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and “allergy.” The types of allergy reported in both 
groups were similar and were ascribed to such factors 
as medicines, foods, various dusts, fumes, or pollens. 
Pulmonary Function. —Although we used the FEV, 
to classify each subject as index or control, compari- 
son of various values on the forced expiratory flow 
volume (FEFV) loop, as anticipated, also showed 
highly significant differences. Within the index and 
control male groups, there were highly significant 
(two-tailed test, P<0.01) correlations between FEV, 
and MEFs, MEFs 9, MEF,;, PEF, TLC by x-ray, and 
obtained from the flow-volume curve. All cor- 
relations were positive except for the one with TLC 
by x-ray in index cases. The values for correla- 
tions within the female groups were similar in magni- 
tude to those within the male groups, but because 
of small numbers were not statistically significant. 
Relationship of Smoking to Pulmonary Function 
Within Groups.—Correlation coefficients were deter- 
mined for lifetime pack-years of cigarette smoking 
with age and various values of pulmonary function 
within each group of control males and females 
(Table 2). Significant correlations were detected for 
pack-years with FEV,, MEFs 9, and MEF,;, slope of 
the nitrogen plateau (phase III), and relative size of 
phase IV (closing volume) in the control male group, 
and with TLC and MEF,, in the control female 
group. No significant correlations were found in the 
index group. 
a,Antitrypsin Types.—Three index subjects with 
severe COPD and PiZ phenotypes; two of these had 
never smoked. None of the controls had this pheno- 
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type. There were eight MZ phenotypes in the index 
group and five in the controls; both frequencies 
are greater than that seen in the general white 
population, which is approximately 2%. The fre- 
quencies of other phenotypes (no. index/no. control) 
were MM (95/97), MS (5/7), FM (0/1), and SS (0/1). 

The endocrine portion of the questionnaire did not 
delineate any differences in the groups regarding 
the presence of acne, hirsutism, diabetes mellitus, 
or pituitary or thyroid disorder, and the menstrual 
histories were similar in the women. Blood levels 
of testosterone, estrogen, follicle-stimulating hor- 
mone, and luteinizing hormone were likewise normal 
in the two groups. Twenty-four-hour urinary excre- 
tions of hydroxyproline, a possible index of metabolic 
turnover of collagen, were not different in the two 
groups. !” 

Physical Findings.—Cardiopulmonary physical ex- 
amination was carried out by two of us (R.D.M. or 
N.G.G.H.) without knowledge of the responses to the 
questionnaire. The family health pedigree was 
drawn up by the clinical geneticist who adminis- 
tered the questionnaire. No additional history was 
taken. 

Intensity of breath sounds by lung region, presence 
of rales or wheezing during quiet and forced breath- 
ing, and heart sounds were noted. Abnormal breath 
sounds were noted in 58% of index subjects as com- 
pared with 2% of control subjects. Rales were pres- 
ent in 14% of index subjects and only in 1% of 
control subjects. Wheezing during quiet breathing 
was present in 14% of index subjects as compared 


Table 2.—Correlation Coefficients of Pack-Years With Age and Various Pulmonary Function Results 


Control Index 

Factor Female (N = 20) Male (N = 104) Female (N = 22) Male (N = 96) 
Pack-years 

Mean 16.75 33.66 21.05 47.83 

SD 14.72 19.48 17.51 27.52 

Correlations 

Age (yr) —0.28 0.03 —0.26 0.11 
FVC (L) 0.41 —0.17 0.05 —0.04 
TLC x-ray (L) 0.65 (.002)* 0.002 0.13 0.12 
FEV, (L) 0.15 —0.26 (.007)* 0.13 —0.05 
PEF (L) 0.20 —0.03 0.03 0.06 
MEF so (L/s) —0.29 —0.23 (.017)* 0.16 0.03 
MEF „s (L/s) —0.44 (.051)* —0.29 (.003)* 0.24 0.12 
Slope phase Ilit 0.26 0.36 (.001)* Bat ont 
CV/VCt 0.02 0.34 (.001)* 


“Significantly different from zero; P value within parentheses. P is the value associated with the two-tailed test of the population 


correlation coefficient equal to zero. 


tSlope of phase III from single-breath N, curve (% change in N,/liters expired); done only in controls. 
Volume of phase IV from single-breath N, curve divided by VC obtained from same maneuver (%); done only in controls. 


CC-0. Gurukul Kangri University Haridwar Collection. Digitized by S3 Foundation USA” 
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Table 3.—Cardiopulmonary Physical Examination Results in 111 Index and Control Matched Pairs 


i Index Control Difference 

} F i Measurement Mean SD Range Mean SD Range Mean SD Range 
i i ECRL Height (cm) 172.3 7.8 148.0 to 188.0 173.7 7.1 150.0 to 190.0 -1.3 8.0 —26.0 to 20.0 
f J Hi Weight (kg) 73.8 14.2 41.0to122.0 79.5 13.4 50.0to127.0 -5.8* 16.4 -71.0 to 44.0 

ae i BP (sys) (mm Hg) 126.3 16.8 100.0 to 170.0 125.8 16.8 94.0to170.0 0.5 23.2 —55.0 to 55.0 
Si ' jia BP (diast) (mm Hg) 81.6 9.4 60.0t0110.0 81.8 9.0 65.0to110.0 -0.2 12.2 —35.0 to 35.0 
. ote Pulse (beats/min) 82.5 11.0 60.0to120.0 75.6 102  54.0to112.0 69+ 145 —32.0 to 44.0 
Er ee ae 5 Subjective MMF (L/s) 0.7 04 O2@® 20 AR 9 0.8to 60 —1.4t 1.0 —5.4to 0.5 
i? } if Expiratory flow over trachea (sec) AO 2:7. 2.0to 15.0 3.8 17 Moito MOON 374 28 3.0 to 13.0 
eee Aa Diaphragmatic descent (cm) 41 1.3 0.0to 7.0 6.1 1.2 25to 9.0 -2.0t 1.6 -6.0 to 2.0 
f : fi i Statistically significant: *P<0.0003; tP<0.0001; two-tailed P value associated with paired t test. 

f f ii Difference is the match paired difference, index-control. 

a 

(d 

Í if with 0% of control subjects. Wheezing during smoking exposure in our female group with estab- 
Fi An forced breathing was noted for 87% of index subjects lished COPD was significantly less than thet in index 
be i and only 26% of control subjects. male groups. Seven women (1 a PiZ phenotype) 
i $ $ Comparisons of maximal excursion of each hemi- among 20 were nonsmokers, while only 2 men (1 a 
| fe diaphragm, time of audible expiratory air flow over the PiZ phenotype) among 91 were nonsmokers. Thus, 

y 


: trachea measured in seconds, and a subjective esti- 

mate of the maximal midexpiratory flow (MMF) 
ii. during the forced vital capacity effort are shown in 
1 Table 3. Weights were significantly lower in index 
subjects, reflecting the well-known tendency of loss 
of weight in the more advanced stages of COPD. 
Blood pressure was similar in the two groups, but the 
m pulse rate was significantly more rapid in index 
subjects. Mean expiratory flow time over the trachea 
during FVC effort was significantly longer; the mean 
full diaphragmatic excursion was significantly less; 
; and the examiner's Subjective estimate of the MMF 
¿was significantly less in index subjects than in 
controls (Table 3). 


_ DISCUSSION 

__ The index and control subjects appeared to have 
been well matched for relative lifetime pack-years. 

Considering that controls had FEV, values of at least 

85% of that predicted, it is interesting that in this 

Eoo group a statistical correlation was found 


on the FEV,. Within the 15-year cohort, 
as a positive but not statistically significant 
n between pack-years and age in the index 
d control male groups. Among the female groups, 
negative but not significant correlation 
and pack-years. This indicates that 
E have e payers than do 


while women formed only 18% of our index group, 
their lesser smoking suggests that there are important 
pathogenic factors other than smoking or that 
women are less tolerant to smoking. If the tolerance 
to smoking were similar and smoking were the 
overriding risk factor in both men and women, one 
would have expected that the women with estab- 
lished COPD in our group would have smoking 
histories similar to those of the men. The mean FEV, 
in index women was 48% of that predicted and in 
index men, 45% of that predicted. Past respiratory 
infection was not more frequent in index women 
than in men. Ratios of males to females were similar 
to those of earlier studies summarized by Webster 
and associates. !3 

Among the 111 controls, 19 (17%) had large closing 
volumes and 18 (16%) had steeper-than-normal 
slopes of the alveolar nitrogen plateau (phase Ill). 
The proportion and degree of these abnormalities 
of the single-breath nitrogen test were not as high 
as those reported by Buist and Ross,%!° when sub- 
jects were screened, regardless of their FEV, values. 
The positive correlation of lifelong pack-year cigarette 
smoking with slope of phase IIl and closing volume 
further supports the speculation that smoking con- 
tributes to early airway disease in asymptomatic 
subjects with otherwise normal pulmonary function 
(Table 2). 

The questionnaire highlighted some well-known 
characteristics of patients with COPD. They had 
higher incidence of respiratory infections by several 

criteria: past diagnoses of pneumonia and pleurisy, 
number of hospitalizations, and total number of all 


—— e 
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respiratory infections in recent years. Although these 
factors may not have initiated the COPD, they likely 
contributed to the pathogenesis. 

Problems with the upper airways, polyps, past sinus 
surgery, and any type of apparent allergy were not 
more frequent in the index subjects than in the 
controls. Persons with seasonal respiratory symptoms 
were excluded by design. It is of interest that 42 index 
subjects and an identical number of controls reported 
being allergic to at least one substance, most of 
which were medicines and not the usual allergens 
ascribed to asthmatic patients, who were excluded 
from this study. 

Standard respiratory questionnaires, although better 
than unstructured clinical histories in collecting sub- 
jective information on population groups, have short- 
comings, especially when used to arrive at a clinical 
diagnosis such as chronic bronchitis. 415 Actual 
pulmonary function tests have been advocated as 
being more reliable, especially if chronic bronchitis 
is used as an indication of the type of COPD." 
Using preset limits for flow rates, we sharply sep- 
arated our two groups. When we use the ques- 
tionnaire criteria of cough and phlegm, which are 
traditionally accepted for indicating chronic bron- 
chitis, there is considerable overlap between the two 
groups. For example, we found that 32 control sub- 
jects responded positively to the questions regarding 
phlegm being present at least 3 months of every 
year—criteria for a diagnosis of chronic bronchitis 
established by reports from the British Medical Re- 
search Council. 

Another problem with the questionnaire is re- 
lated to the patient who denies, seemingly sincerely, 
symptoms that really are present. Sixteen index 
subjects who denied dyspnea actually had severe 
reduction of maximal flow rates (Fig. 3). This lack 
of association between reported dyspnea and mea- 
sures of pulmonary function has been reported many 
times and merely documents further the sometimes 
poor association between subjective measure of dysp- 
nea and any single measure of pulmonary function. +6 

Review of results of the physical examination of all 
our subjects showed that the estimated values for 
MMF between the two groups were significantly 
different even though there was considerable over- 
lap. The duration of audible expiratory flow time 
heard over the trachea seems to add significantly 
to the assessment of ventilatory function. The descent 
of the diaphragm during full inspiration, as deter- 


mined by percussion, showed significant differences 
between the two groups, and the descent is often 
reduced when maximal flow rates are greatly reduced. 
The total expiration time, best heard over the upper 
trachea, is the best measure of diffuse intrathoracic 
airway obstruction, !7 but is not commonly described 
in textbooks on physical diagnosis or chest disease. '® 

Assessment of the many laboratory variables ob- 
tained is under way to characterize more fully addi- 
tional differences between the matched pairs with and 
without COPD. 
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Hibernation 


During 3 to 5 months of hibernation, the American black bear does not defecate, 
urinate, or require food or water. Although the bear loses 15 to 25% of its body weight 
during this period, there is no significant change in its lean body mass. No net ac- 
cumulation of the usual nitrogenous products of protein catabolism can be demon- 
strated in the dormant bear, and there is a decrease in urea production during hiber- 
nation. Because of these findings, it has been hypothesized that the black bear can 
alter its protein metabolism during hibernation by some unknown mechanism. Dur- 
ing this study, the metabolic rate of protein turnover in four adult male black bears 
was measured before, during, and after hibernation, using I-labeled serum albumin 
from black bears as an indicator protein and ‘C-labeled leucine as an indicator amino 
acid. For albumin during both phases, the disappearance rate of labeled albumin 
from serum was measured over 2 weeks and its turnover rate was calculated from 
these data. For ['C}leucine, the amino acid was injected during and after hiber- 
nation and its appearance in total proteins of plasma was measured. The results us- 
ing labeled albumin revealed a threefold to fivefold increase in turnover of protein 
during hibernation compared with protein turnover before hibernation. Leucine data 
supported these findings; more labeled leucine was incorporated in plasma proteins during 
hibernation than in the active state in spring. There were no significant changes in 
hematocrit, serum albumin concentration, thyroxine, or thyroxine-binding globulin 
between active and dormant periods, although triiodothyronine tended to decrease during 
hibernation. We speculate that increased protein turnover suggests a strongly acting 
protein-anabolic mechanism that would tend to compete with other catabolic pathways for 
amino acids. Another consequence of this increased protein turnover would be 
thermogenesis. This may have helped prevent any undue decrease in body temperature. It is 
notable that the body temperature of the dormant bear is appreciably higher than that of 
other hibernating animals. 
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The American black bear (Ursus americanus), because of its unusual 
metabolic adaptations during hibernation, is a unique animal model 
for the study of protein metabolism in mammals. Unlike those ani- 
mals that are deep hibernators, the bear remains fully arousable and 
capable of defending itself throughout its entire period of winter sleep. !4 
Also, in contrast to its deep-sleeping mammalian relatives, the bear 
does not have the decrease in metabolism or the profound hypo- 
_ thermia so typical of the hibernating state.2-57 Although the bear is 
not a classic hibernator, it is capable of sleeping continuously for 3 
to 5 months during the winter and is able to do so without the need to 
R drink, defecate, or urinate. +5 

aa} he results of some recent studies of ursine physiology in our labor- 


Papen evidence that the bear achieves these metabolic adap- 


Wes from 15 to 25% of its body weight during hiber- 
No significant change in its lean body mass during the 
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Table 1.—Mass Measurements in Bears Before and During Hibernation 
Bear 1 Bear 2 Bear 3 Bear 4 
Before During Before During Before During Before During 
Total body mass (kg) 199.57 180.45 147.27 133.64 162.73 141.82 133.18 94.55* 
Total body water (liters) 74.25 76.65 61.67 71.91 66.05 57.58 68.60 
Lean body mass (kg) 101.43 104.71 84.25 98.24 90.23 78.66 93.72 
Fat body mass (kg) 98.14 75.74 63.02 35.40 72.50 63.16 39.46 


“Value was obtained after death. 


Moreover, even though the bear does not defe- 
cate or urinate for months at a time during hiber- 
nation, there is no net accumulation of the usual 
nitrogenous products of protein catabolism such as 
oligopeptides, amino acids, ammonia, uric acid, or 
urea in the blood, feces, or urine of the dormant 
bear. In fact, the production of urea actually de- 
creases significantly during hibernation.'® If no 
catabolic products of protein metabolism are formed 
that require urinary excretion, and if the water of 
metabolism equals the insensible water loss in a 
sleeping bear that is neither eating nor drinking, 
then there is no physiologic need for the bear to 
defecate or urinate during hibernation. 

Other experimental evidence shows that there is 
a definite decrease in the respiratory quotient from 
0.78 to 0.60 during hibernation when the bear is 
starving and a concomitant increase in serum lip- 
ids including cholesterol, phospholipids, and tri- 
glycerides. ! 

These findings strongly support our hypothesis 
that, during hibernation, the black bear achieves 
independence from food and water by acquiring 
its metabolic energy primarily from catabolizing 
stored lipids and that a significant decrease in pro- 
tein catabolism, as evidenced by the constancy of 
lean body mass and the decrease in urea produc- 
tion, appears to be the most important means by 
which the state of hibernation is achieved and main- 
tained. 12-10 

The purpose of this study was to measure the 
metabolic turnover of protein in the black bear 
before, during, and after hibernation, using 125- 
labeled serum albumin from black bears as an indi- 
cator protein and "C-labeled leucine as an indi- 


cator amino acid to attempt to correlate the data 
obtained with the findings from our earlier studies. 


METHODS 

The animals studied during these experiments were 
four adult male American black bears provided by 
the Institute Hills Farm of Mayo Foundation. Each 
of the bears was in good health at the onset of 
both studies, and the same four bears that were 
studied before hibernation were studied again 
during and after hibernation so that each bear could 
be observed individually for any metabolic change 
that might occur during the period of study. When 
it was necessary to immobilize the bears, phencycli- 
dine hydrochloride and promazine hydrochloride 
were injected intramuscularly. ! 

Before beginning these experiments, it was nec- 
essary to obtain biochemically and immunological- 
ly unaltered serum albumin from black bears, pure 
enough to be nonantigenic in the experimental ani- 
mals. Serum was taken from each of the four bears, 
pooled, and sent to Microbiological Associates, 
Walkersville, Maryland, where albumin was isolated 
using Sephadex G-200 and carboxymethyl cellulose 
chromatography. The purity of the black-bear albu- 
min was documented by serum protein electro- 
phoresis and immunoelectrophoresis, which showed 
that 97% was albumin and 3% nonalbumin protein. 

Once the purified black-bear albumin had been 
obtained, it was labeled with iodine-125 by oxida- 
tion of [!24]sodium iodide with sodium hypochlorite 
at the Squibb Institute for Medicine Research, New 
Brunswick, New Jersey. The efficiency of the label- 
ing technique was assessed by subjecting the labeled 
albumin to thin-layer chromatography and then auto- 


Table 2.—Hematocrit and Albumin Determinations in Bears Before and During Hibernation 


Bear 1 Bear 2 Bear 3 Bear 4 
Before During Before During Before During Before During 
Hematocrit (%) 45.20 50.40 45.40 44.20 42.20 50.10 52.00 
Albumin (g/dl) 4.24 4.19 4.01. 4.19 3.64 4.28 3.51 ¢ 
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Table 3.—Thyroid Hormone and Thyroxine-Binding Globulin Concentrations in Bears Before and During Hibernation 


Bear 1 Bear 2 Bear 3 Bear 4 
Before During Before During Before During Before During 
Total thyroxine (g/dl) 0.9 2.0 0.5 2.4 1.0 2.4 1.0 
Total triiodothyronine (ng/dl) 80 27 62 47 66 63 61 
Thyroxine-binding globulin 
(g/dl) 18.4 16.1 15.4 12.9 13.6 15.5 16.9 


radiography, and also by precipitating the labeled 
albumin with 10% trichloroacetic acid and mea- 
suring the precipitate radioactivity with a well-type 
scintillation counter. In the active study, 91.4% of 
the iodine was bound to albumin and, in the hiber- 
nation study, 92.2% of the iodine was bound to 
albumin. 

During the experiment before hibernation, each of 
the four bears was studied for 2 weeks and the 
following procedures were performed. On the first 
day, each bear was immobilized, tagged with an 
identification number, and weighed. A urinary 
catheter was inserted and urine was collected every 
4 hours for the first 24 hours of the experiment. 
Blood was removed with a syringe from a femoral 
vein (as were all blood samples) and the follow- 
ing determinations were made: hematocrit, serum 
albumin concentrations, total thyroxine, total tri- 
iodothyronine, and thyroxine-binding globulin. 

_ After the blood was drawn, 50 g of deuterium 

_ oxide and 150 pCi of 5-labeled black-bear albumin 
_ were injected through the same needle in the femoral 
_ vein. Four hours after the injection of the deuterium 
oxide, a blood sample was drawn to determine 
- total body water by the method of Schloerb and 
_ associates.” Then, from this value, both lean body 
Pe mass and total body fat were calculated as de- 
scribed by Pace and Rathbun. !3 
To determine the disappearance rate of [!25]albu- 
= min from the peripheral circulation of each bear, 
_ blood samples were taken at 10, 20, and 30 min- 
Š tes and 1, 2, 4, 8, 12, and 24 hours after the ini- 


I r an NN A 


3 


mit 1 in each of these samples v was then pre- 
ed with 10% trichloroacetic acid, the radio- 
ieee! the precipitate was measured in a well 


over was determined by the method described by 
Sterling. !4 The volume of urine obtained during the 
first 24 hours of the study was measured and its 
radioactivity was determined. 

After the first 24 hours, the bears were permitted 
to recover from anesthesia. Then, once every 48 
hours for the next 10 days, the bears were im- 
mobilized just long enough to obtain blood samples 
for measuring the concentration of albumin and 
the disappearance rate of [251 ]albumin by the method 
described above. 

On the last day of the study before hibernation, 
all of the procedures described for the first day 
were repeated except for the injection of [125 Jalbu- 
min. The four bears were then permitted to go into 
hibernation spontaneously. They had been dormant 
for at least 6 weeks before the second experiment 
was begun. 

The experiment during hibernation was also of 2 
weeks’ duration and the protocol was identical 
to that followed before hibernation except that no 
urine was collected because the bears did not uri- 
nate during hibernation. Also, on the first day of 
the study with the dormant bears, additional blood 
samples were drawn from each bear to measure 
the amount of background radioactivity remaining 
from the experiment before hibernation and, on the 
last day of the study during dormancy, additional 
blood samples were obtained to measure blood urea 
levels in each of the bears. 

One month later, while the bears were still in 
hibernation, 100 to 125 pCi of uniformly labeled 
[4C]leucine were injected as a bolus into the femoral 
vein of each bear and timed collections of femoral 
venous blood from the opposite vein were ob- 
tained over the next 24 hours, with additional sam- 


, and the half-life of the albumin turn- ples taken during the next 6 to 8 days. The study 
Table 4.—Albumin Turnover Half-Life in Bears Before and During Hibernation 
Bear 2 Bear 3 Bear 4 
During Before During Before During Before During 
9.04 1.70 7.04 2.51 7.60 


Mayo Clin Proc, Nov 1976, Vol 51 


PROTEIN METABOLISM IN HIBERNATION 719 


b = -0.083 
re 0.99 
t)/o = 8.33 days 


Active 


ITER SERUM 
N WwW 
LAS ary | 


n 


At 
e L 
a i A 
ote 
w | b = -0.250 
© | Dormant (ea ED 
o { tijo* 2.77 days 
A l 
u I 
t H 
L Į- à 
‘s 
5 
o H A 
0.03 en eS Et 
2 6 10 14 
DAYS 
Fig. 1. Disappearance of [!#4]Jalbumin from serum in bear 1. 


was repeated during the following spring, after the 
bears had been active for 2 months. At that time, 
each bear received the same dose of labeled leu- 
cine. (Anesthesia and handling of the bears were the 
same as in the albumin experiments.) In all blood 
samples, plasma proteins were precipitated and 
washed three times with 5% trichloroacetic acid 
and three times with methanol and ether. They 
were dried and weighed and a measured quanti- 
ty was counted in a Packard tricarb-liquid scintilla- 
tor model 314EX. A portion of the precipitate was 
acid hydrolyzed and those amino acids containing 
activity were determined in a Beckman model 120B 
amino acid analyzer linked to a Beckman LS- 
100L liquid scintillation counter. 

Before and after hibernation, the bears were housed 
in open-air cages at the Institute Hills Farm where 
they were exposed to ambient temperatures, natural 
photoperiodism, and natural variations of wind and 
moisture, although they had enclosed shelters with- 
in their cages. They were fed water and dry dog 
food (ad libitum) which contained 23% protein and 
8% fat. The noise level was that of a typical Minne- 
sota farm. 

During hibernation, the bears were housed within 
an abandoned root cellar dug in the side of a hill 
and lined with concrete. They were continually 
in the dark and sheltered from the cold, wind, and 
Moisture. They slept on beds of straw in artifi- 
cial dens made from steel culverts. No food or 
water was available to the bears during hiberna- 
tion. The root cellar was insulated enough so that 


the bears were protected from all noises except 
those they made as they slept. 


RESULTS 
During the second week of the 6-week period be- 
tween the two studies, when the bears were enter- 
ing the state of hibernation and were adapting 
metabolically to it, bear 4 was found dead in its 
culvert den. The bear had lost 30% of its body 
weight in less than 2 weeks (Table 1), had uri- 
nated on its bed of straw, and a postmortem 
blood sample contained 650 mg/dl urea. Obvious- 
ly, bear 4 had failed to hibernate. The findings 
were similar to those shown by black bears when 
starved during the summer months, when they are 
normally quite active.!° In our experience, bears 
will not hibernate if aroused frequently in their 
dens in winter. In order to allow them to enter 
hibernation, they are left undisturbed most of the 
time and usually observed only at 2-week inter- 
vals. Bear 4, unfortunately, failed to hibernate and 
died. Bears, however, die in the wilds from unknown 
causes during the winter.!5 Our experience suggests 
they may have failed to achieve the state of hi- 
bernation. 

In the other three bears, the losses in body weight 
during hibernation were within the range reported 
in previous studies.'!911 There was no change in 
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total body water before and during hibernation in 
= bear 1. These data supported earlier observations 
that total body water does not change during hi- 
bernation.!° However, in bear 2, total body water 
= increased and in bear 3 it decreased during hiber- 
nation. These variations may reflect the range of 
the method. In our previous experience, such wide 
_ differences have not been noted. An error in tabu- 
lating results may have occurred with the value of 
57.58 liters representing bear 2 and 71.91 liters 
representing bear 3. If this is true, differences in 
total body water between active and hibernating 
= States would be in the range of the experimental 
= error for the method. Other than this, we have no 
= explanation for the total body water results in bears 
2 and 3 in hibernation. 
_ There were no significant changes in hemato- 
crit and mean albumin concentration between the 
active and dormant phases (Table 2). The increase 
, A thyroxine and the decrease in total triiodo- 


lly acant because of the low accuracy of 
t ea ay for ixine and triiodothyronine at these 
in our laboratory although somewhat 
iodothyronine may actually decrease 
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pere found to be similar to those 
and the changes observed in 
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The most unexpected finding revealed by these 
studies was the threefold to fivefold increase in 
the rate of turnover of albumin in the dormant 
bears compared with the active bears (Table 4 and 
Fig. 1, 2, 3, and 4). Without exception, those 
bears that hibernated demonstrated a considerable 
increase in the rate at which ['5lJalbumin was 
catabolized during the dormant period. 

Results of studies using labeled leucine were 
interpreted as representing increased synthesis of 
protein because leucine appeared in plasma pro- 
teins in increased quantities during hibernation (Fig. 
5). The increased uptake of leucine had to be 
due to an increased rate of protein anabolism be- 
cause plasma leucine and protein concentrations 
were similar in winter and spring and, during the 
first 24 hours of study, there was no intake of food 
by the active bears that could have affected the 
specific activity of leucine. The faci that the specif- 
ic activity of leucine remained elevated during 
the subsequent 8 days of study was interpreted by 
us as a function of rapid reentry of leucine back 
into plasma proteins after the protein had been 
catabolized. All of the activity of the plasma pro- 
tein was found in leucine after acid hydrolysis. 


DISCUSSION 

Because catabolism of albumin is increased measur- 
ably during hibernation and because the serum 
albumin concentration remains constant during the 
same period, then the rate of albumin synthesis 
must equal that of albumin degradation. It fol- 
lows that albumin synthesis is increased during 
hibernation. This conclusion was supported by the 
leucine data because, in hibernation, leucine en- 
tered plasma proteins in increased quantities. 
Since total proteins and leucine concentrations of 
plasma remained constant, there must have been 
an increase in turnover of protein to account for 
the increased uptake of labeled leucine. Thus, 
these findings supported those obtained from the 
albumin study indicating that there is increased 
turnover of plasma proteins in hibernation. Be- 
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cause albumin and plasma proteins are synthesized 
by the liver, this organ must undergo two distinct 
changes in the hibernating bear, as judged from these 
data. The liver appears to increase its rate of pro- 
tein synthesis while decreasing its rate of urea pro- 
duction.!° Our original hypothesis was that, con- 
comitant with a decrease in urea synthesis, a de- 
crease in protein turnover might also occur.1 The 
data showed the opposite to occur when albumin 
and leucine were the models used to study protein 
metabolism. 


Because of this unexpected finding of increased 
protein turnover in hibernation, we evaluated our 
methodology critically. Several problems could lead 
to a falsely high turnover of albumin in a compara- 
tive study such as this. (1) Different specific ac- 
tivities of the injected albumin might lead to a dif- 
ference in early disappearance but should have lit- 
tle influence on the slope after mixing has occurred. 
(2) Different quality of the protein iodination or 
different quality of the albumin itself could pro- 
duce difficulties. In our study, labeling procedures 
were performed in the same laboratory and the same 
batch of albumin was used in both procedures; 
specific activity was also comparable. (3) Free io- 
dine, because of its shorter biologic half-life, would 
also lead to a falsely high turnover rate, particu- 
larly in the first few days. Our quality control pro- 
cedures, however, showed that the amount of free 
iodine at the time of injection did not exceed 8% 
and was similar in both studies. (4) Protein loss 
through the gastrointestinal tract or in urine is anoth- 
er possible cause of inconsistent results. There 
was measurable protein in the urine of the bears 
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when tested before hibernation, but no urine or fe- 
cal loss was recognized during hibernation. Pro- 
teinuria may indeed have resulted in a faster- 
than-normal turnover of albumin in the bear be- 
fore hibernation, but this cannot explain the dif- 
ference between the two studies. 


Lastly, one could conceive that, in hibernation, 
a different method of handling albumin exists so 
that the mathematical model used for the interpre- 
tation of normal data is not applicable. However, 
significant changes in albumin metabolism do occur 
in hibernation and the concept of slow metabolism 
in winter sleep is probably too simplistic, no mat- 
ter how attractive it may be. Furthermore, the 
labeled leucine studies supported the albumin find- 
ings and the leucine studies were done in the same 
winter, on the same bears, and then repeated in 
spring. And protein turnover was found by this 
method also to be increased in winter from fall 
values and then decreased once more in spring. 


Just why protein metabolism is increased during 
hibernation is open to speculation. Perhaps the in- 
creased rate of synthesis of albumin and plasma 
proteins is a mechanism that prevents compounds 
such as essential amino acids, like leucine, which 
are required for protein synthesis, from being catabo- 
lized into carbon dioxide, water, and urea. If es- 
sential amino acids were broken down to any de- 
gree, protein synthesis would be impaired and lean 
body mass would decrease. This does not occur 
in hibernating bears. Such an adaptive mechanism 
has been described in protein-and-calorie-deficient 
rats—essential amino acids are incorporated at in- 
creased rates into liver proteins whereas their oxi- 
dative degradation is markedly decreased.'® The 
increased rate of protein synthesis in the hiber- 
nating bear might represent a similar adaptive mech- 
anism. Essential carbon skeletons are preserved 
when their turnover rates are increased in protein 
metabolism and their entry into the urea cycle is 
decreased. Such reciprocal changes are not unique 
to the hibernating bear. Usually, in mammalian 
tissues, a change in one route of disposal of amino 
acids is accompanied by a reciprocal change in 
others. !7 There are three metabolic outlets for amino 
acids in the body: protein synthesis; synthesis of 
compounds of low molecular weight such as cre- 
atine and nonessential amino acids; and degrada- 
tion through pathways of amino acid catabolism." 
In hibernating bears, protein synthesis increases and 
amino acid catabolism decreases. An analogous 
situation is found in the newborn animal, which 
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shows intense protein synthesis but limited degrada- 
tion of circulating amino acids. 17 

Increased protein synthesis, besides preserving 
essential amino acids from catabolism, is also need- 
ed for the increased demands for enzymes neces- 
sary for the vitality of the bear as it adapts to con- 
ditions demanded by hibernation. Surely there must 
be an increased synthesis of lipolytic and gluco- 
neogenic enzymes during hibernation because the 
bear relies mostly on fat as an energy source while 
preserving constant levels of blood glucose and 
alanine,! a feature not found in starving human 
beings. 8 Also, protein synthesis is required to provide 
the proteolytic and synthetic enzymes responsible for 
the apparently increased protein turnover in the 
dormant bear. 

A byproduct of increased protein turnover is 
thermogenesis. The heat produced during pro- 
tein metabolism in the hibernating bear may be part- 
ly responsible for preventing the profound drop 
in body temperature during hibernation that is 
=a common feature of the classic deep hibernators.§ 
- The mechanism whereby the black bear is capable 

of altering its protein metabolism during hibernation 

is unknown; however, unique metabolic adaptations 
_ do occur, as evidenced by this and other studies. 
A better understanding of the physiology of the black 
‘bear may contribute significantly to the manage- 
ment of anephric human patients or those in chronic 
= renal failure, to the ultimate control of human obesity, 
ae and to further comprehension of the complex pro- 
= cess of aging. 
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I 
SUBJECT REVIEW 
Autologous Blood Transfusion 


Autologous blood transfusion is a procedure in which blood is removed from a donor and 
returned to his circulation at some later time. Autologous transfusion can be performed 
in three ways: (1) preoperative blood collection, storage, and retransfusion during sur- 
gery; (2) immediate preoperative phlebotomy with subsequent artificial hemodilution 
and later return of the phlebotomized blood; and (3) intraoperative blood salvage and 
retransfusion. All three methods of autologous transfusion offer a potentially superior 
method of blood transfusion which eliminates many of the problems and complications 
associated with the banking and administration of homologous donor blood. 


On Sept. 10, 1974, the Secretary of Health, Education and Welfare pub- 
lished a National Blood Policy! in the Federal Register. This policy set 
forth four principal goals: an adequate blood supply, availability to all 
people, efficient utilization, and the highest standards of transfusion 
therapy with the safest possible blood. 

The newly formed American Blood Commission, with the support of 
the blood-banking community and professional and consumer groups, 
has as its goal the implementation of this policy. Undoubtedly the 
Commission will call for reappraisal of current practices and introduction 
of new ones. Among these new practices, we feel, should be a greatly ex- 
panded use of autologous blood transfusion to help meet many of the goals 
of the National Blood Policy. Autologous transfusion would provide the 
recipient with the safest and best possible blood product—his own blood. 
It is a potentially large new source of blood, and it can provide a supply 
of blood in many rural areas that are now dependent on large urban 
centers. 

Because of the potential value of autologous transfusion and the impetus 
provided by the National Blood Policy and the American Blood Com- 
mission, we have undertaken an extensive review of autologous blood 
transfusion to determine the progress made in this field and to identify 
problems that need further investigation. This review has made the po- 
tential value of autologous blood transfusion even more apparent to us 
and has stimulated plans to increase its use within our institution. 

Autologous transfusion is a procedure in which blood is removed 
from a donor and returned—sooner or later—to his circulation. This 
procedure was described as early as 1818 and has been used sporadically 
since then. Its use was originally advocated as an emergency measure 
to combat sudden massive hemorrhage in the absence of available 
donor blood. Early reports indicated that it was an effective and 
frequently life-saving means of transfusion. Recent publications have 
confirmed these early successes and suggest a more widespread use 
of autologous transfusion. 
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Autologous transfusion can be performed in three 
ways: (1) preoperative* blood collection, storage, and 
retransfusion during or after surgery; (2) immediate 
preoperative phlebotomy, artificial hemodilution, and 
postoperative return of the phlebotomized blood; and 
(3) intraoperative* blood salvage and retransfusion. 
All three methods offer the following advantages over 
the use of homologous donor blood: 


1. No transmission of disease (hepatitis, syphilis, 
malaria, cytomegalovirus, Epstein-Barr virus). 

2. No risk of isoimmunization to erythrocyte, 
leukocyte, platelet, or protein antigens. 68 

3. No risk of hemolytic, febrile, allergic, or graft 
versus host reactions. ®8 

4. Ready availability of blood for patients for whom 
compatible blood is unavailable. 1° 

5. Elimination of many technical errors of typing 
and crossmatching which can lead to incom- 
patible transfusions. " 

6. Provision of a new source of homologous 
blood when not needed for autologous use. 12-13 


PREOPERATIVE AUTOLOGOUS TRANSFUSION 
Blood collected by preoperative phlebotomy can be 
stored as a liquid at 1 to 6°C or as frozen red 
cells for use during a subsequent routine surgical 
procedure. If the patient’s hemoglobin level, cardiac 
status, and general condition permit, a series of 
preoperative phlebotomies can remove several (gen- 
erally 4) units of blood for storage at 1 to 6°C. 1415 
Amounts in excess of 4 units can be collected over 
a more prolonged period and stored as frozen red 
cells. Long-term storage of frozen autologous red 
¿cells is especially valuable for the patient for whom 
compatible blood is difficult to find. 

Storage at 1 to 6°C.—Preoperative phlebotomy 
¿and storage at 1 to 6°C of autologous blood have 
¿been in use since 1921, when Grant!® used autol- 
© ogous transfusion for a patient with a rare blood type 
= who had a cerebellar tumor. A phlebotomy was 
performed 24 hours before operation; the blood was 
stored in sodium citrate and reinfused after the 
irgery. Milles and associates!" and Langston and 
iates'8 have used preoperative autologous trans- 
on since the early 1960’s for more than 1,000 


the words “preoperative” and “intraoperative” may 
techniques are employed. For example, 
om patients with rare blood types even 
; or blood may be salvaged from 
lorax) rather than from a surgical 
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to the development of this method. Newman 
and associates!® recommended the use of iron 
therapy to increase the number of units that could be 
drawn preoperatively. Corpe and Liang!? and Smith 
and Michael !3 have advocated the release of unused 
autologous blood for homologous use. Ascari and 
associates?” recommended a “leapfrog” technique, 
by which 3—and as many as 6—units of a patient's 
blood could be obtained before surgery with none 
being older than 10 to 14 days. Lubin and associates?! 
employed a similar technique and obtained several 
units of fresh frozen plasma as well. 

In view of the many advantages of autologous 
transfusion, why has this form of transfusion therapy 
not gained wider acceptance and use? The extraor- 
dinary medical problems created by World War II 
gave impetus to the development oi many large 
civilian blood banks primarily concerned and sub- 
sequently preoccupied with the collection, storage, 
and use of homologous donor blood. Other reasons 
for lack of interest in this form of transfusion in- 
clude the facts that (1) autologous blood cannot 
be stored in a liquid state for more than 21 days; (2) 
frozen red cells are significantly more expensive for 
the patient and are unavailable in many areas; (3) 
successful use of autologous transfusion programs has 
not been widely publicized; (4) physicians fear the 
supposedly debilitating effect of phlebotomy on pa- 
tients going to surgery; and (5) improper identifica- 
tion of an autologous unit could lead to disastrous 
consequences if the unit was administered to the 
wrong patient—necessitating caution to ensure that 
the autologous donor receives his own blood. !5-?? 


Effects of Preoperative Phlebotomy.—The major 
concern voiced by most physicians is that preopera- 
tive phlebotomy will make the patient less fit for 
the stress of surgery. Over the past several years, 
investigations have revealed that patients easily toler- 
ate preoperative withdrawal of 1 to 3 units. 1317212828 
A few have shown that as many as 4 to 8 units 
can be removed from an individual within 20 days be- 
fore surgery without ill effect, provided that iron sup- 
plement is given.'%2® These conclusions are based 
primarily on two assumptions: that phlebotomy is 
an adequate stimulus for increased marrow produc- 
tion of red cells, and that the plasma volume is 
regenerated rapidly after phlebotomy. 


In patients with intact bone marrow and erythro- 
poietin systems, the marrow rapidly replenishes red 
cells lost after hemorrhage. Marrow reticulocytes 
can be delivered to the circulation as early as 6 to 12 
hours after the initial phlebotomy; but a full level of 
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marrow production, releasing mature red cells into the 
circulation, usually is not reached until 8 to 10 days 
after the initial phlebotomy.%°3% Hillman and Hen- 
derson** have shown that with oral iron adminis- 
tration the marrow can increase production to two or 


three times normal in response to blood loss. Others 
have shown that with iron supplement the response 
can be maintained over several weeks despite re- 
peated phlebotomies. Finch and associates,*4 in 
1950, studied patients from whom 500 ml was taken 
weekly, with and without oral iron supplement. In 


hose undergoing weekly phlebotomy without iron, 
the hematocrit exhibited a continuous decrease from 
14% (9 33% over an 8-week period, whereas in those 
who received iron, it decreased from 44% to 37% 
during the first 5 weeks but then stabilized and 
subsequently increased slightly to 38% by the eighth 
week. Coleman and associates% later duplicated this 
work in a study of patients bled 500 to 1,000 ml/week. 

These results imply additional benefits of preopera- 
tive autologous transfusion. Patients subjected to pre- 
operative phlebotomy will arrive at surgery in a state 
of maximal hematopoiesis, whereas those who do 
not undergo preoperative phlebotomy will require 
several days before red-cell production reaches a 
maximal level, since marrow stimulation does not 
begin until the surgical blood loss occurs. In addi- 
tion, it is to be presumed that many of the transfused 
autologous red cells will be younger and so will sur- 
vive longer after reinfusion than transfused homol- 
ogous red cells. 

During the first 2 weeks after phlebotomy, the 
rate of marrow production can be increased to 3 or 4 
times normal by parenteral iron therapy—though it 
returns to 2 to 3 times normal thereafter. 33:36:37 
However, the dangers of parenteral iron make this 
form of iron supplementation undesirable.*8“! Several 
investigators have shown oral iron to be as adequate 
as parenteral iron in treatment of blood-loss ane- 
m ia £ 29,35,42,43 

After phlebotomy, the plasma volume is replenished 
much more rapidly than the red-cell volume. Usually 
it returns to normal within 72 hours, if not sooner. +148 
This is due to rapid mobilization of extravascular 
fluid and protein, immediate increase of protein 
(albumin) production, and a strong renin-angioten- 
sin response, 19.50 

Investigations of Preoperative Autologous Trans- 
fusion.—In 1962 Milles and associates! reported 
their experience with a series of 53 patients whose 
ages ranged from 20 to 74 years. Those patients 
generally underwent one or two phlebotomies 4 or 
5 days before surgery for chronic pulmonary tuber- 
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culosis (thoracoplasty, lobectomy, pneumonectomy). 
Criteria for selection as an autologous donor were 
similar to those recently suggested by the American 
Association of Blood Banks—that is, hemoglobin 
11 g/dl or greater or hematocrit 34% or greater. 14-15 
In an earlier paper, Langston and associates*? re- 
ported various measurements made in 27 of 113 
cases of autologous transfusion. The 27 patients 
donated 1 unit of blood several days before surgery 
and were not given iron. When they came for sur- 
gery they had lost an average of 1.0 g/dl of hemo- 
globin and had a decrease of 5% in hematocrit. 
The net loss for the group in red-cell volume was 
155 ml, and the average gain in plasma volume was 
366 ml. The average increase of reticulocytes in these 
patients 24 hours post phlebotomy was 0.6 to 0.7%. 
From the total of 113 patients, 154 units of blood were 
obtained; and these fulfilled 62% of all blood re- 
quirements during surgery and through the first 48 
postoperative hours. Anesthesiologists and surgeons 
involved in the care of these patients believed that 
their clinical behavior during surgery and postopera- 
tively was as good as that of patients subjected to 
similar procedures without preoperative phlebotomy. 
Also, their need of blood replacement was no greater 
than that of patients who underwent similar pro- 
cedures without autologous transfusion. 

Milles, and associates'? also studied the electro- 
cardiograms of autologous-transfusion patients to see 
whether signs of ischemia (as reflections of decreased 
oxygen-carrying capacity due to loss of hemoglobin) 
might serve as a modified Master test. But patients 
whose patterns before phlebotomy were normal had 
the same patterns afterward; the patients with evi- 
dence of previous heart disease (myocardial infarc- 
tion, etc.) showed only nonspecific S-T wave changes 
after phlebotomy. In some cases where patients had 
electrocardiographic evidence of ventricular hyper- 
trophy before phlebotomy, the pattern improved after 
phlebotomy. This probably was due to a reduction 
of cardiac work load by decrease of blood volume 
and viscosity. 

Several investigators have reported removing 3 or 
more units preoperatively without prob- 
lem, !8:19.23.24.29.53-55 Milles and associates!” reported 
three 1-unit phlebotomies in several cases. Two of 
the patients were men, aged 32 and 42, who were 
to undergo lobectomy. Units were drawn 8, 6, 
and 4 days before surgery.* Hemoglobin values mea- 


aot aaan 
-AABB standards recommend a 4-day interval between phlebotomies 
and at least 72 hours between the last phlebotomy and surgery. 
This permits preoperative acquisition of 4 units of blood with conventional 
storage techniques. 1*5 
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sured before the first phlebotomy and just before the 
operation were 15.8 and 13.2 g/dl in the first case 


and 15.0 and 11.0 in the second. 
Sands and associates*! reported similar results in 


patients undergoing radical surgery of the head and 
neck. The lowest preoperative hemoglobin concen- 
tration in their group was 11.6 g/dl, which occurred 
in a 61-year-old man who had undergone hemiglos- 


been 15.3 g/dl. In two other patients, the hemoglobin 
fell 2 g/dl (14.9 to 12.9) and 2.3 g/dl (14.4 to 12.1) 
after three 1-unit phlebotomies. None of these pa- 
tients received iron supplement. 

Other investigators also have reported using multi- 
ple phlebotomies. Cuello and associates?*-?4 removed 
as many as 3 units before surgery from patients who 
were to undergo various thoracic and cardiovascular 
procedures. These patients were given iron intra- 
muscularly. Newman and co-workers!® performed 
three or more phlebotomies preoperatively on pa- 
tients undergoing open-heart surgery for correction 
of acquired heart disease. Among 20 males the mean 
decrease of hemoglobin was 2.2 g/dl (15.5 to 13.3), 
and among 18 females the mean decrease was 
3.2 g/dl (14.6 to 11.4). Each of these patients 
was given 250 mg of iron-dextran (Imferon) intra- 
venously with each phlebotomy. Nine of the 178 
Patients who had one to four phlebotomies had 
adverse reactions to the iron. To avoid such reac- 
tions, Zuck and Bergin? administered iron orally 
= tọ 18 patients undergoing multiple phlebotomies 
© for autologous transfusion. Eight patients were bled 
ee 4 units, seven patients 5 units, two patients 6 units, 


ae : : 
= and one patient 8 units. The mean decrease of 


s 


Le oe Ged sectomy, partial mandibulectomy, and neck dissec- 
Lo Bie tion after donating 3 units of blood in the 3 weeks pre- 

f E HE. ceding surgery. Before phlebotomy, the value had 

t ù 

f 

$ 


BARE E ET IEE E EE 


Mepa en te pea it 


mrm 


= ing below 33%. The mean reticulocytosis reported 
was 5.5% (range, 1.5 to 15%). 

_Inall patients mentioned above subjected to multi- 
preoperative phlebotomies, none came to opera- 
1 with hemoglobin less than 10 g/dl. This level 
hemoglobin has been regarded by many anesthe- 
sio ogists as the minimum acceptable level before an 
e egic procedure.**59 There is evidence, 


iple, anemia of chronic renal disease) 
ss than 10 g/dl hemoglobin tolerate anesthesia 


98%), approximately 1,000 
e is available to the tissues; 
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minimum levels tolerable appear to be 400 ml/ 
min.5860 Thus, provided that patients have adequate 
mechanisms to compensate for their anemia, they 
should be able to tolerate hemoglobin levels of 10 
g/dl and less. These compensatory mechanisms in- 
clude rightward shift of the oxyhemoglobin disso- 
ciation curve, decrease of blood viscosity, decrease 
of peripheral resistance, and increase of cardiac out- 
put.48 This information adds justification to the 
concept of preoperative autologous transfusion, since 
patients undergoing multiple preoperative phleboto- 
mies maintain hemoglobin levels well above the 
level needed to provide minimum oxygen delivery 
to the tissues. 


Investigators have shown that autologous transfu- 
sion is ideally suited for women of child-bearing 
age, children, and young adults, since isoimmuni- 
zation during youth or in the child-bearing years 
can complicate future transfusion needs or preg- 
nancies. Milles and associates® and Peddle and asso- 
ciates® reported use of preoperative autologous trans- 
fusion for women about to undergo cesarean section. 
Others have reported its use in children and young 
adults. #929 Cuello and associates?*4 reported using 
this form of transfusion in a child as young as 4 
years. Recently Cowell and Swickard® described 
an autologous transfusion program in 193 children 
undergoing various orthopedic procedures. These 
children ranged in age from 7 to 20 years (average 
age, 14), and 1 to 3 units were drawn from each 
before surgery. The amount of blood withdrawn at 
each donation was determined by the weight of the 
child (>48 kg, 450 ml; 43 to 48 kg, 400 ml; 36 to 
42 kg, 325 ml; 30 to 35 kg, 250 ml; and <30 kg, 
100 ml). The average preoperative decrease of hemo- 
globin in these children was 2.1 g/dl, giving them an 
average preoperative level of 11.5 + 1.6. 


Frozen Red Cells.—Frozen storage of blood (at 
—80°C or colder) greatly increases the applicability 
of preoperative autologous blood transfusion. More 
than 80% of the red cells from a unit of blood stored 
frozen for 10 years by current methods can be ex- 
pected to survive and function normally after trans- 
fusion.®64 Reported advantages of frozen red cells 
include higher levels of diphosphoglycerate (2,3 DPG) 
and adenosine triphosphate (ATP) (similar to levels 
present on the day they were frozen); the possibility 
of salvaging outdated red cells by freezing after re- 
juvenation with pyruvate, inosine, guanosine, phos- 
phate, adenine, and glucose, which restores levels of 
ATP and 2,3 DPG**87; and the fact that frozen red 
cells initially intended for autologous use but not 
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needed can subsequently be used for homologous 
transfusion. 

There are some drawbacks, however, in the use of 
frozen red cells for autologous transfusion. Current- 
ly the process of freezing red cells is more expen- 
sive than conventional storage at 1 to 6°C and is 
generaliy unavailable except in larger centers. In 
reconstitution of each unit of frozen red 
s approximately 30 minutes; current regula- 
lations (which may prove somewhat restrictive ®) 
reguire that they be infused within 24 hours after 
h , since longer storage may permit bacterial 

Consequently, frozen red cells often are not 
ent for standby surgical use. 

\pplications of frozen red cells in autologous 
translusion have been diverse. They have been used 
for elective gynecologic, gastric, and oral surgery. ®*7! 
Akerblom and associates’? have used frozen autolo- 
gous red cells for transfusion during maintenance 
hemodialysis and during transplant surgery. Seven 
patients donated a total of 33 units despite anemia 
(hemoglobin concentration of 7 to 12 g/dl) and uremia 
(serum creatinine of 5 to 16 mg/dl). Units were do- 
nated at approximately 8-week intervals without 
difficulty. Although conflicting data exist,” it seems 
appropriate to use autologous blood in patients with 
renal disease, since most of the current evidence 
indicates that patients in whom cytotoxic antibodies 
develop secondary to homologous blood transfu- 
sion have a higher incidence of transplant rejec- 
tion.®:74 Frozen autologous red cells have also been 
used in orthopedic, gastric, and open-heart opera- 
tions on patients with rare blood types7*77 and anti- 
bodies to high-incidence antigens. 


addition, 


cells take 


HEMODILUTION AND AUTOLOGOUS TRANS- 
FUSION 

Hemodilution and autologous transfusion are now 
being used by several surgeons and anesthesiolo- 
gists in this country for open-heart surgery. It is 
basically an extension of the preoperative form of 
autologous transfusion, performed by infusion of a 
hemodiluent in one vein and simultaneous phlebot- 
omy from another to produce a state of normo- 
volemic anemia. This is done just prior to heparini- 
zation and before extracorporeal circulation. After 
surgery, the unit or units of blood previously phle- 
botomized are infused. Hemodiluents employed 
include both crystalloids (Ringer’s) and colloids 
(salt-poor albumin, dextran, plasma protein frac- 
tion). Because the degree of hemodilution can be- 
come sizable, this method of autologous transfusion 
is particularly suited for patients undergoing extra- 
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corporeal circulation, since most are aided by exten- 
sive monitoring and many undergo protective hypo- 
thermia. 

The rationale of this practice is that hemodilution 
causes a considerable reduction in the number of red 
cells lost during operative bleeding and thus a de- 
crease in subsequent need of homologous blood. 
The volume of blood saved is directly proportional 
to the difference between the original and the 
postdilution hematocrit levels. Diminished use of 
homologous blood has been reported by several 
investigators along with a decrease in the incidence 
of hepatitis.7879 It was hoped that another benefit 
from this form of autologous transfusion would be 
a decrease of coagulation problems following surgery, 
since the autologous units are fresh and high in 
coagulation factors. But coagulation studies have 
not shown this to be true,78-79 even though platelet 
counts have increased after transfusion of this fresh 
autologous blood.798! 

In support of this form of autologous transfusion, 
it has been shown in dogs that cardiovascular func- 
tion can be maintained despite acute and severe 
normovolemic anemia induced by hemodilution with 
hematocrit as low as 5% .8?-83 Others have shown that 
acute normovolemic anemia (hematocrit 10 to 15%) 
does not significantly alter left-ventricular function 
or increase the severity of experimentally induced 
myocardial ischemia. 485 Blood flow is maintained to 
the myocardium, most likely by an increase in col- 
lateral flow secondary to a decrease in viscosity.®> 
This has particular significance in patients with cor- 
onary artery disease. Others have shown that ade- A 
quate oxygenation of the tissues occurs during hemo- es 
dilution despite severe diminution of red-cell vol- 
ume.®&88 Pavek and Carey®? demonstrated that in 
spite of decreased oxygen availability, uptake by the 
tissue increases enough to maintain oxygenation. 
Wise and associates have shown that the com- 
pensatory responses to acute anemia induced by 
hemodilution are well maintained, at least until E 
more than 50% of the total circulating hemoglobin 
is lost. Rush and Eiseman®! observed a similar re- 
sult in dogs hemodiluted to hematocrits of 16%. 

If these data from dogs are applicable to humans 
then moderate hemodilution should be tolerated 
most patients. Rush and colleagues®? have adop 
a hematocrit level of 28% as the limit of allow 


total hip arthroplasty with appropriate anesthe: 
Laks and associates® have found a hematocri 
level of 21% to be safe. However, patients un 
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Hey going open-heart surgery can tolerate even more 
T. severe hemodilution. Buckley and associates,” in a 

study of 17 patients (aged 2 weeks to 28 years) 

undergoing hemodilution and autologous transfusion 
te with correction of congenital heart defects, showed 
10% hematocrit to be sufficient during extracor- 
poreal circulation. Seager and associates have re- 
pS ported successful use of hemodilution and exchange 
transfusion with hypothermia and extracorporeal cir- 
culation in treatment for an incompatible blood trans- 
fusion. During the procedure, the hematocrit was as 
low as 3%. 

The cardiac anesthesia group at the Massachusetts 
General Hospital has been very active in this form of 
autologous transfusion and has used it more than 
i} 800 times with various cardiac procedures since De- 
cember 1970. Recently they reported a series of 50 
patients undergoing cardiac surgery, 25 of whom were 

i subjected to hemodilution and autologous transfu- 
gi sion. In the period between induction of anesthesia 

Ki and administration of heparin, approximately 2 units 
j X (1,000 ml) of blood were withdrawn from each of 
| 
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A these 25 patients through an arterial cannula into 
Eii plastic bags containing citric acid, trisodium citrate, 
and dextrose solution (ACD). After the phlebotomy, 
blood pressure and heart rate were maintained with 
Ringer's lactate and, when needed, homologous 
blood. The autologous blood was transfused at the 
end of perfusion, after administration of protamine. 
Overall, the 25 patients transfused with autologous 
blood needed an average of 860 ml less of homolo- 
gous blood products, thus reducing the blood re- 
quirement by 25%. The mean hematocrit value in 
this group, after removal of autologous blood but be- 
fore bypass, decreased 6.7 + 3.4% versus 1.8 + 
2.0% for the contro! group. Coagulation studies 
showed no significant improvement in those patients 
who received fresh autologous blood.78 

A group at the Ochsner Clinic?® have reported 
on a series of 150 patients who underwent cardiac 
_ bypass procedures with hemodilution and autologous 
anon. The age of these patients ranged from 
months to 77 years. For autologous transfusion, 

Re rcdiately before heparinization and prior to com- 
lencement of extracorporeal circulation, 20% of the 
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tdiovascular stability. Patients of this 
lired an average of 1,622 ml less homolo- 
d than did those of the control group. 
post-transfusion hepatitis was less 

eived autologous blood and 
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units used. Hematocrit levels dropped to 30% after 
phlebotomy and to as low as 15% during bypass. 
The partial thromboplastin times, prothrombin times, 
and clotting times measured before phlebotomy 
and after autologous transfusion did not differ sig- 
nificantly; but platelet counts did rise an average of 
28,000/mm following the infusion of the fresh autol- 
ogous blood. 

The value of hemodilution and autologous trans- 
fusion lies in the fact that it significantly decreases 
the amount of homologous blood needed. Be- 
cause of the severe hemodilution, care is necessary 
in employing this technique. It is best suited for 
patients undergoing extracorporea! circulation and 
protective hypothermia. 


INTRAOPERATIVE AUTOLOGOUS TRANSFUSION 
The concept of transfusing a patient’s own blood 
retrieved during surgery to maintain circulatory sta- 
bility is far from new. Blundell® probably was the 
first to apply it, in 1818; but the first article advo- 
cating intraoperative autologous transfusion was pub- 
lished by Highmore% in 1874. His use of intraopera- 
tive autologous transfusion was reported to have been 
successful for patients with massive hemorrhage in 
many different types of surgery. By 1960 the litera- 
ture contained reports of its employment in several 
hundred cases of massive hemorrhage. 9%!!9 The 
history of intraoperative autologous transfusion has 
been reviewed by Wilson and Taswell. 12° 

During the early years of intraoperative autologous 
transfusion, various techniques were employed to col- 
lect the blood for reinfusion. Many surgical teams 
merely scooped it from the wound with a cup or 
mopped it up with gauze swabs. The blood was then 
filtered, sometimes citrated, and diluted with saline 
before reinfusion. 1°21, Others collected blood from 
the thorax via chest tubes and reinfused it after 
filtration. 122424 Still others employed suction de- 
vices, 199-125.126 |n 1960, Weekes and associates!” 
proposed a closed system for intraoperative autolo- 
gous transfusion in which blood was sucked through 
a filter and collected in a bottle that was turned 
upside down when full for the reinfusion. 

Before 1960, there was little mention of problems 
associated with intraoperative autologous blood 
transfusion. Stager! in 1951 noted hemolysis 
secondary to a suction technique, and Backer- 
Gröndahl!?! in Norway in 1953 noted hemoglobin- 
uria that he attributed to hemolysis due to the 
mechanical trauma of intraoperative blood salvage. 
It was not until 1966, however, that some of the prob- 
lems involved, such as hemolysis and microembolism, 
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were appreciated fully. It was Dyer!?8 who at this 
time designed an apparatus that he believed re- 
sponded to some of these problems. It consisted of 
a two-chambered Pyrex unit connected to a suction 
apparatus selected to minimize hemolysis. Antico- 
agulation was accomplished by systemic hepariniza- 
tion of the patient or chamber anticoagulation. 
Blood foaming was prevented by spraying the inner 
the chamber and the filters with silicone. 
Three sets of filters were used to remove much of the 
debris collected along with the salvaged blood. Re- 
infusion of fat was prevented by designing the col- 
lecting chambers so that fat would float to the surface 
and the last 100 ml of blood, containing the fat, 
would not be reinfused. 

In 1968 Klebanoff and Watkins!?9 described a new 
apparatus. This was to become the first commercially 
available and the most widely used device for 
intraoperative autologous transfusion, and today a 
similar device is marketed as the Bentley Autotrans- 
fusion System (Bentley Laboratories, Santa Ana, CA). 
It consists of two components: a disposable section 
that includes a sterile reservoir, filter, tubing, and 
a suction device; and a steel cabinet containing a 
variable-speed roller pump, controls, and a warning 
device indicating when the level of blood in the res- 
ervoir is low and there is danger of air embolism. 

Anticoagulation can be accomplished either by 
systemic heparinization of the patient or by instilla- 
tion of heparin or citrate anticoagulants into the col- 
lection reservoir. Filtration is done by a nylon 125- 
um mesh filter located in the reservoir and two stan- 
dard in-line blood filters. The reservoir is primed with 
various saline solutions. 

In the same year, 1968, Wilson and Taswell !”° pro- 
posed utilization of a continuous-flow centrifuge for 
intraoperative autologous transfusion. This device, 
unlike the Bentley, could wash red cells and eliminate 
much of the unwanted debris from the reinfused 
blood. It was employed initially in patients under- 
going transurethral resection. 13918! A similar contin- 
uous-flow centrifuge device was subsequently used 
to salvage blood during surgery by Watson-Williams 
and associates !%? and Gilcher and Orr. 133 

Recent Investigations.—Klebanoff and associ- 
ates 194.135 were the first to report on clinical use of 
the Bentley system. In 100 cases, they salvaged and 
reinfused a total of 213,320 ml of blood. Most of 
these autologous transfusions accompanied emer- 
8ency surgery for trauma, but some elective vascular 
and orthopedic operations were included. Of the 
100 Patients, 84 survived and 16 died. Compli- 
cations included hemoglobinemia, post-traumatic 
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pulmonary insufficiency, disseminated intravascular 
coagulation (DIC) syndrome, and air embolism. 16 

Brener and associates !37 reported on clinical use of 
Klebanoff’s device in 20 cases of elective vascular 
surgery at the Massachusetts General Hospital. They 
substituted a Swank micropore filter for the standard 
blood filters. The amounts of blood salvaged ranged 
from 200 to 15,000 ml, and the saving of homolo- 
gous banked blood was considerable. 137 The com- 
plications Brener and associates reported were simi- 
lar to those of Klebanoff. 

Reports of the use of the Bentley Autotransfusion 
System are numerous!%845 and come mainly from 
large trauma centers, where the need for blood is 
frequently urgent and surgery cannot be delayed 
while the blood bank prepares homologous blood. 
Dowling!# at Charity Hospital in New Orleans has 
used a total of 49,200 ml (98 units) of transfused 
autologous blood in 34 cases. In five patients 
who had sustained thoracic trauma, Bregman and 
associates! salvaged approximately 7,200 ml of 
blood per patient with the Bentley device. Rako- 
wer! at Bellevue Hospital in New York used 30,000 
ml of autologous blood in one patient with a stab 
wound that had lacerated both atria and the pulmo- 
nary vein. Complications reported by these authors 
were similar to those reported by Klebanoff. 

Success with the use of the continuous-flow cen- 
trifuge device for autologous transfusion also has 
been reported. Wilson and co-workers!%° used 
this device in 11 instances of transurethral resec- 
tion. Blood and irrigating fluid were collected from 
the surgical resectoscope and passed into a centri- 
fuge. The cellular components were washed and the 
plasma and wash fluid, with their contaminants, 
were discarded. This method is similar to that used 
for washing and deglycerolization of frozen red 
cells. 46 After washing, the cellular components were 
resuspended to a desired hematocrit value in Ringer’s 
lactate solution for return to the patient's circulation. 

This type of autologous transfusion process ap- 
pears to be superior to the Bentley system, since 
the red cells are washed free of contaminants, 
which are discarded with plasma and wash fluid. 
With this system and the introduction of wash fluids 
of selected density gradients, it may be possible to 
remove most of the contaminants in present-day intra- 
operative autologous transfusions. "7 These con- 
taminants include free hemoglobin, microemboli, and 
red-cell phospholipids implicated in DIC.“® In con- 
trast to experience with the Bentley Autotransfu- 
sion System, Wilson and associates'*® found no 
evidence of elevated plasma hemoglobin in their 11 
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By cases. This was corroborated in another study, by 
HF Kingsley and associates, 9 in which baboon autolo- 
i gous blood was washed free of plasma hemoglobin 
3) ae with a continuous-flow centrifuge. 


Complications.—There are a number of problems 
associated with intraoperative autologous transfusion 
which have limited its acceptance. Complications 
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Bef 5. Sepsis and metastasis if used in patients with 
j 1 F i S infection or malignancy. 
| bi lal j Hemolysis.—Several authors }9%!49.141 have shown a 
a) significant increase in plasma hemoglobin levels after 
Ph ENS autologous transfusion with the Bentley system, usu- 
i i | ally with a return to normal in 48 to 72 hours 
$ after surgery. 187141144 Brener and associates!37 re- 
j ported a mean postoperative plasma hemoglobin 


level of 175 mg/dl with a high level of 600. Before re- 
= infusion, Brener and associates #87 and Aaron and asso- 
ciates!*° found free hemoglobin levels in the salvaged 
blood as high as 1,600 mg/dl (normal in most labora- 
tories is less than 20). Red-cell destruction is a result 
of trauma from the vacuum, compression effects of 
the roller pumps, contact of blood with air and tissue, 
and turbulent flow and foaming in tubing and res- 
ervoirs, 151.152 


High levels of free hemoglobin generated by the 
autologous transfusion process may be nephrotoxic. 
Renal damage has been associated with elevated 
free hemoglobin, but controversy surrounds the cause. 
It is uncertain whether the free hemoglobin molecule 
itself, the more toxic breakdown products of hemo- 
globin, or the lipid fraction of the red-cell stroma 
causes the nephrotoxicity associated with hemol- 
_ ysis. 153159 An accelerated intravascular coagula- 
1 mechanism may be responsible for the hemo- 
nephrotoxicity. 1°46 Reinfusion of hemolyzed 
slogous red cells is known to be capable of in- 
intravascular coagulation in the dog.'% 
r the cause, however, all authors employing 
autologous transfusion have reported 
quate hydration they apparently can pre- 


with uncertainty as to its cause, 
still remains a potential 


problem, 
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With intraoperative autologous transfusion, the 
hematocrit value decreases and usually remains 
depressed for several days. Brener and associates!37 
have shown a decrease of 10% following use of the 
Bentley system; and Wilson and co-workers}3° ob- 
served a decrease of approximately 4% with the 
continuous-flow centrifuge. Lessening of hemato- 
crit is common after most surgical procedures, but 
the decline after intraoperative autologous trans- 
fusion has a somewhat different mechanism. The 
decrease of hematocrit is due to hemolysis, loss 
of red cells in the system and filiers, and dilution 


by the saline priming solutions. li is not likely 
that the transfused red cells are destroyed rapidly 
in vivo, as suggested by Mati end associates. 1% 
They studied erythrocyte survival in blood obtained 


from the peritoneal cavity of patients transfused with 
autologous blood salvaged during ectopic preg- 
nancy. Using *!Cr-tagged red cells, they determined 
that the half-life of erythrocytes collecied from the 
peritoneal cavity was approximately 8 days while 
that of normal venous erythrocytes was approxi- 
mately 60 days. This differs from observations 
by Wilson and co-workers!3° who employed the 
continuous-flow technique in humans, by Bennett 
and associates,!®° who used the Bentley system 
in dogs, and by Symbas and associates, !22 who re- 
infused blood obtained from a hemothorax. Each 
of these three studies showed that transfused autol- 
ogous erythrocytes and control erythrocytes did not 
differ significantly in survival time. 

Although there is considerable damage to the 
red cells during intraoperative autologous transfu- 
sion, Dyer and associates 1®° have suggested a poten- 
tial advantage in the transfusion of those red cells 
that do survive. Since these cells are fresh, their 
2,3 DPG level is presumably normal. Stored red 
cells are known to be depleted of 2,3 DPG; and 
because of this, the oxyhemoglobin dissociation curve 
shifts to the left: the result is lowered oxygen ten- 
sions at which hemoglobin releases oxygen. 17168 
Research concerning the oxygen transport of red 
cells salvaged for autologous transfusion is lacking. 
Aaron and associates !5° have demonstrated a higher 
oxygen tension in autologous blood than in banked 
blood. In addition, Carty and Barr!69% have deter- 
mined that the hemoglobin obtained from the intra- 
peritoneal cavity for autologous transfusion is pre- 
dominantly intracellular and thus has the potential 
for normal oxygen transport. 

Coagulation Disorders.—Another major area of 
difficulty is the apparent detrimental influence of intra- 
operative autologous transfusion on coagulation. 
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During transfusion, interfaces of blood with air and 
tissue can cause significant platelet aggregation and 
subsequent thrombocytopenia. In addition, activa- 
tion of the coagulation mechanism can occur and 
lead to intravascular coagulation. 


A. Thrombocytopenia.—Severe thrombocytopenia 
often follows any form of extracorporeal bypass such 
as intraoperative autologous transfusion. In has oc- 
curred after exposure of blood to pleural surfaces and 
to peritoneal surfaces. !24137-139,144,150 Both Bennett 
and associates! and Rakower and associates! 
have reported that the decrease of circulating plate- 
lets is greater in blood exposed to tissue cavities than 
in blood salvaged without extravascular tissue con- 
tact. This thrombocytopenia can be aggravated by 
addition of micropore filters to the system, since fibrin 
clot formation on the filters traps and removes platelets 
from the system, 140.171.172 

The degree to which this thrombocytopenia is 
deleterious to the patient is unknown, although it 
is generally agreed that platelet counts greater than 
50,000 to 65,000/mm3 prevent hemorrhage during 
surgery. 173-174 For platelet counts below this level 
after autologous transfusion, Rakower'* has given 
platelet concentrates. In addition to the thrombocyto- 
penia, Brener and associates!?> have shown that 
platelet metabolism and aggregation are significantly 
altered during intraoperative autologous transfusion. 
However, they maintain that platelet function returns 
to normal in the patient after reinfusion of the damaged 
platelets. 


B. Intravascular Coagulation.—Development of 
hypofibrinogenemia and fibrin split products and pro- 
longation of the thrombin, prothrombin and partial 
thromboplastin times have been frequent during intra- 
operative salvage and reinfusion, 124:198:199.141.144,145,170 
In fact, Duncan and associates!44 have reported the 
occurrence in three subjects of severe coagulopathy 
with resultant death throught to be related directly to 
use of the Bentley device. Rakower and associates !7° 
have reported that a constant finding after their use 
of intraoperative autologous transfusion was a gener- 
alized oozing of blood from all cut surfaces; this 
increased the operating time by as much as 3 hours 
before hemostasis was achieved. Heparin reversal 
and administration of coagulation factors with fresh- 
frozen plasma infusions had little effect in stopping this 
bleeding, As Rakower and associates pointed out, 
these findings are consistent with DIC syndrome in- 
duced by the autologous transfusion process. Others 


a ee 
Iso have reported the development of DIC with intra- 
operative autologous transfusion, 135:136.138,140,141 
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However, most of these instances have occurred 
in patients who had considerable tissue damage and 
who also had received large amounts of both autol- 
ogous and homologous blood. Beller and asso- 
ciates!7° and Carty and associates!" have shown that 
peritoneal blood with ruptured ectopic pregnancies 
(blood that may be salvaged and reinfused) has pro- 
nounced depletion of coagulation factors and a 
grossly elevated level of fibrin degradation products. 
The autologous transfusion process may be the 
primary cause of the DIC or it may merely aggra- 
vate an already existing coagulopathy. 

Many patients undergoing extensive surgical pro- 
cedures have an element of intravascular coagula- 
tion induced by both endothelial-cell injury, which 
activates Factor XII and the intrinsic clotting mech- 
anism, and tissue injury, which activates the extrinsic 
clotting system. In addition, it is known that both 
red-cell destruction and platelet aggregation occur on 
a large scale during intraoperative autologous trans- 
fusion and that products of red-cell and platelet in- 
jury, such as coagulant phospholipids, are powerful 
thromboplastic substances capable of initiating intra- 
vascular coagulation. "8178 Thus, massive autologous 
transfusion can induce intravascular coagulation or 
contribute to an already existing process leading to 
a perpetuating cycle of increased bleeding. 

Some have recommended that, as a safeguard 
against this, one should limit autologous transfu- 
sion to the period of major blood loss in order 
to minimize the deleterious effect of the process on 
the clotting mechanism.!79 Evidence currently avail- 
able suggests that autologous transfusion done on a 
smaller scale with the Bentley device (reinfusion of 
less than 3,000 ml) does not disrupt the coagulation 
mechanism to any major extent and can be employed 
safely in these instances. 87-89 Others have advocat- 
ed—and demonstrated in the baboon—that DIC 
can largely be prevented by washing the autologous _ 
blood with a continuous-flow centrifuge that removes 
thromboplastic substances and prevents activation of 
the coagulation mechanism. 9 With a washing tech 
nique, any resultant coagulopathies would be dilu- 
tional in nature and could be readily corrected with ` 
appropriate component therapy. 

Microemboli.—Evidence for the presence of micro- 
emboli or microparticles (>20 um in diameter) in 
autologous blood lies in the elevation of screen 
tion pressures by this blood. Results of part 
size analysis also indicate microparticles pro 
mainly by platelet aggregation, t37-150, 180-182 I 
embolization of platelet aggregates and other 
has been implicated in the development o 
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nary insufficiency and neurologic complications fol- 
lowing trauma, massive transfusions, shock, and 

extracorporeal circulation. 178-183-188 The extent to 

& which microembolization occurs after intraoperative 

F autologous transfusion is unknown, but pulmonary 
= 


And 
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insufficiency has been reported by Dowling, 1*? 
Klebanoff, !36 and others. 138-139 


Ka Emboli that occur during autologous transfusion 
y usually consist of one or a combination of the 


f 
= following: 


mi 
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Fat, fibrin, and foreign material removed from the 
2i wound, missed by the filters, and reinfused to 
k the patient. 

$ Denatured plasma lipoproteins that release chylo- 
(hie ~ microns, which form embolic globules. !89 

iH EA Platelet and leukocyte microaggregates and red- 
HM cell membranes, which result in elevation of 

screen filtration pressures. 19° 
Air embolus. 
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To study the efficacy of reinfusing autologous 
blood contaminated with bone fragments and mar- 
row, Dorang and associates! performed autologous 
transfusion in conjunction with spinal fusion in 10 
dogs, using the Bentley Autotransfusion System. 
After surgery, the animals were killed and gross and 
microscopic examination of the organs was under- 
taken. No bone or cartilage was found in any of the 
tissues studied, and evidence of fat embolization 
was seen in only one dog. Further studies with appro- 
priate controls are needed to confirm the safety of 
autologous transfusion in surgical procedures in 

_ which there is a risk of bone and fat emboli. 
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Denaturation of lipoprotein leads to a release of 
chylomicrons, which aggregate and form embolic 
= globules. Experiments in dogs revealed the pres- 
ence of such microemboli in the lungs, kidney, and 
brain after autologous transfusion. Results indicated 
that protein molecules that bind or transport lipids 


_terface or when exposed to negative pressure. Both 
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conditions can be present in an autologous trans- 
dition to these forms of emboli, platelet 
e igi NN may be present during 
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micropore filters during autologous transfusion, as 
in homologous transfusion, removes many of these 
microparticles. 19319% Brener and associates!37 and 
Bennett and associates! have shown that autolo- 
gous blood passes through micropore filters with less 
screen filtration pressure than does homologous 
blood; and Wright and’ Solis!8? found a decrease in 
the volume of microparticles remaining in autolo- 
gous blood after ultrafiltration. Although this is 
still controversial, some authors !7!=93 maintain that 
these filters reduce pulmonary morbidity and mor- 
tality in humans after massive infusions of banked 
homologous blood. If this is so, filters may also be of 
benefit in autologous transfusions. However, they 
do not remove the serotonin, hi ine, and cate- 
cholamines liberated by platelet aggregation. These 
potent vasoconstrictors can cause bronchoconstric- 
tion, increased pulmonary vascular resistance, and 
pulmonary hypertension, and thus create pulmonary 


insufficiency in spite of the use of micropore fil- 
ters, 172-196.197 


Recently, some investigators have concluded that 
fresh autologous blood intraoperatively transfused, is 
less injurious to the lung than is banked autolo- 
gous blood. Bennett and colleagues'® studied the 
pulmonary effects in dogs of both autologous blood 
salvaged from the pleural cavity and banked autol- 
ogous blood. In their experiments, transfusion of 3- 
week-old banked autologous blood induced greater 
increases of pulmonary vascular resistance and bron- 
chial pressures and greater decreases of arterial- 
venous oxygen partial pressure differences than did 
transfusion of fresh autologous blood. Postmortem 
examinations revealed significantly greater evidence 
of interstitial pulmonary edema, perivascular hemor- 
rhage, intra-alveolar fluid, and alveolar congestion 
in the dogs that had received the 3-week-old banked 
blood. Also, Rakower and associates !7° were unable 
to find evidence of multiple pulmonary emboli by 
postmortem examination of dogs transfused with fresh 
autologous blood. Wright and associates! reported 
that autologous transfusion to the subhuman primate 
of up to four times its blood volume can be done 
without significant development of microaggregates 
or pulmonary dysfunction, provided the animal has 
been adequately heparinized and kept normotensive. 
They suggested that hypotension and trauma, rather 
than the autologous transfusion per se, render pa- 
tients susceptible to platelet aggregation. Their ob- 
servations imply that the storage lesion of blood may 
be associated with the development of posttraumatic 
pulmonary insufficiency and that patients who under- 
go intraoperative autologous transfusion without 
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significant problems such as shock and trauma may 
have fewer postoperative pulmonary problems. 

Air embolism, when it occurs, is usually due to 
faulty technique in using the Bentley system. Air 
embolization occurs when those operating the ma- 
chine faii to note that the blood level in the reservoir 


has fallen below the safe level (200 ml). Air then 
makes its way into the blood lines and into the pa- 
tient. To help prevent this complication, a photo- 
electric alarm has been installed in the Bentley sys- 
tem fo warn against low blood levels in the reservoir. 
But, as Reul and associates!38 point out, this alarm 
cannot be relied on since clots within the reservoir 
may obscure and subsequently silence the alarm. 


Fatalities due to air embolization with the Bentley 
system have been reported by both Klebanoff'#6 
and Mattox and associates. 139 

Current Limitations.—Intraoperative autologous 
transfusion is generally not employed in cases of in- 
fection or malignancy, lest widespread septicemia 
or metastasis result. Yaw and associates?°® have 
demonstrated malignant cells in blood salvaged with 
the Bentley system. However, Klebanoff and asso- 
ciates2°! found no incidence of sepsis and a negative 
blood culture 24 hours after contaminating a 
wound in dogs with fat, bile and feces and rein- 
fusing blood collected from the wound. Wilson and 
associates !%° found that no complication resulted from 
inadvertent transfusion of washed autologous blood 
to a patient who had undergone transurethral resec- 
tion and whose preoperative urine cultures were posi- 
tive. Sepsis did not develop; and the postoperative 
rise of temperature was minimal, as it was in 11 of 15 
other patients studied who underwent transurethral 
resection without autologous transfusion. Well-con- 
trolled studies as well as refinements in technique 
are needed before autologous transfusion can be 
deemed acceptable in patients with malignancy or 
infection. 

There remains much disagreement about the best 
method for anticoagulation, and investigators stress 
that proper anticoagulation is necessary to limit 
complications. '8-139.144.145 Some investigators ad- 
vocate reservoir anticoagulation with heparin or 
ACD; others favor systemic heparinization. !36.141,202,203 
Patients undergoing routine elective surgery with 
autologous transfusion probably can tolerate systemic 

eparinization; but in those cases of major trauma 
with associated injuries, as in head trauma or closed 
extremity fractures, systemic heparinization may well 

be contraindicated. 
et a problems to be solved before intra- 
ologous transfusion becomes widely ac- 
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cepted. The advent of the Bentley system has 
generated a great deal of interest, but clinical in- 
vestigative studies have uncovered enough problems 
to question its general acceptance. In addition, many 
of these studies have been without appropriate con- 
trols and many have touched only lightly upon the 
problems of hemolysis, disruption of the coagulation 
mechanism, and microembolization. New methods 
of intraoperative autologous transfusion must be 

developed which not only will solve these problems 

but also will offer hope that autologous transfusion 

can be used for patients who cannot undergo systemic 

anticoagulation, for patients with generalized infec- 

tion, and for patients with malignant disease. Cell 

washing with the aid of continuous-flow centrifuga- 

tion may provide an answer to these difficulties. 

The Haemonetics Corporation has now developed 

a prototype device for autologous transfusion which 

incorporates into one machine (Cell Saver, Haemon- 

etics Corporation, Natick, MA) a reservoir, filter, and 

means of cell washing. 


COMMENT AND CONCLUSION 
The development of autologous transfusion as a rou- 
tine procedure has been long neglected. It is now 
widely recognized that the demand for blood will 
continue to exceed available reserves in many areas 
of the country. Advances in surgical technology 
and a rapidly increasing volume of surgery contribute 
to the increasing demand for blood. Recent legisla- 
tion in some states and the forthcoming National 
Blood Policy discouraging use of paid donors have 
put an added strain on blood reserves. In addition, 
the continued waste of blood due to outdating con- 
tributes to the blood shortage. 

Transfusion of homologous blood sometimes 
causes significant complications in the recipient. The 
most frequent are febrile and allergic reactions. Iso- eS 
immunization to red-cell and HL-A antigens increases 
the possibility of future hemolytic reaction and possi- 
ble graft rejection.2° Circulatory overload and trans- 
mission of disease can be serious: it has been re- 
ported that from 2.8 to 16% of multiply transfused 
patients experience symptomatic post-transfusic 
hepatitis. 205-20% Reported mortality rates from hepatiti 
range from 0.1% to as high as 20% ‘in older a 
groups, 205-207 ie : 

The problems and complications asso: 
collection and administration of homolog: 
indicate the need for safer and mor 
of transfusion. It is reasonable to 
further development, autologous tr 
three forms discussed, will prove 


pe. 


aan 


734 SUBJECT REVIEW 


homologous transfusion. We advocate continued 
use of autologous transfusion and research with ap- 
propriately controlled studies to perfect this potential- 
ly superior method of blood transfusion. 
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RUTH J. MANN, B.S. 
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Rightly, it has been said, “A surgeon without a hospital 
is like a gardener without a garden.” ! The hospital is 
not only a necessity for the practice of modern 
surgery, it is also a rendezvous of one generation of 
surgeons with the next, where the ideals and skills 
of each may be transmitted to the other. A 
surgeon's career may come to a bloom or blight 
a according to the hospital in which he works. 

Sy Few hospitals have a more interesting surgical 
past than the Royal Infirmary of Edinburgh. It was 
built in the 18th century as a community effort (Fig. 1). 
The owners of stone quarries gave stone and lime; 

= merchants gave timber. Farmers furnished free trans- 
Port of the materials. Carpenters and masons gave 

= their labor. Even the journeymen masons helped. 

Since the hospital was intended to serve the sick poor, 

_ day laborers worked one day a month without pay. 

= The foundation stone was laid in August 1738, and 

; in 1741 a 200-bed hospital was ready for patients. 

= Located in the central part of the building under the 

dome was a steep, well-like, somber operating theater 
pable of holding 200 students. In these dark 
rroundings much brilliant surgery was to be 
per rmed. 2 

On e of the first surgeons to operate and teach here 
e exander Wood (1725- 1807), “Lang Sandy 
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city because he never neglected his 
His dexterity and skill raised the 
| department of the Royal 
i had the talented young 
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Wood and Bell had a happy éssoci 
dedicated the first volume of Ais A 
Human Body to his teacher. 

Bell made many contributions to surgery, especially 
in surgery of the blood vessels. He was one of the 
finest, most enthusiastic teachers of his day. Through 
his lectures and writings, which emphasized the 
teleologic significance of structures, Bell created the 
concepts of surgical anatomy. Unfortunately, along 
with his brilliance he had a most persistent con- 
tentiousness and a great pride in the correctness of 
his own opinion. The enmity and jealousy of the 
medical faculty was aroused both by Bell’s devastating 
criticism and by the great success of his private 
anatomy lectures. 

According to a 1785 agreement with the managers, 
the surgical patients of the Royal Infirmary were taken 
care of by all the members of the Royal College of 
Surgeons on a bimonthly rotation. This was most 
satisfactory to the surgeon, but sometimes the care of 
the patient was interrupted. In 1799, the learned and 
vitriolic James Gregory (1753-1821), a member of the 
governing board of the hospital, wrote a memorandum 
condemning the practice of rotation and advocating 
that six surgeons be given permanent appointments to 


tion, and Bell 
natomy of the 


the Infirmary. 


This led to a frightful dispute, with excessively 
rude remarks being made by both sides. Bell, 
champion of lost causes, leading surgeon and 
teacher of anatomy, spoke for the junior surgeons. 
But the victory in the Infirmary went to Gregory's 
forces and Bell was barred from operating in the 
Infirmary. He never recovered from this disappoint- 
ment. 

A critical but vivid description of the Infirmary 
in 1800 written by a military surgeon, Robert Jack- 
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Fig. 1. 


if 


Royal Infirmary of Edinburgh received its charter in 1736. Architect’s plans, which are still extant, have legend, 


“This hospital will be open to all the cureable distressed from whatever corner of the world they come without restriction.’’ 


son (1759-1827), revealed that the hospital, bound 
on one side by a high wall and on another by 
lofty houses, had small and poorly constructed 
windows which did not admit much air. The nar- 
row, low wards were partitioned into many awkward 
cubicles. The grates were small and the fireplaces 
were so fenced in by the partitions that there was 
little circulation of air or heat. The frames of the 
bedsteads were made of iron, but the bottom part 
of the bed was formed of thick and spongy rope, 
full of dust and dirt. The straw-filled underbed, 
the flock mattress, and the bolster or pillow were 
usually soiled offensively. The sheets were dirty or 
ill-washed and the blankets and coverlets small and 
beggarly. Altogether, the appearance of the bed 
was unpleasant. The patients were allowed to keep 
their own clothing, even if it was dirty and ragged.4 
In addition to the wretched physical plant, there 
were other reasons why the 18th century hospital 
was a grim place for both patient and surgeon. 
In the eloquent and compassionate “Memoir on the 
Surgical Diseases of the Poor’’ (1801), John Bell 
sensitively portrayed the inadequacies of even the 
best of the hospitals for the sick poor. 
cae us A ical so fears the hospital, he wrote, 
Ers wi naye to face “the shame, the un- 
PPiness, the pain of a public operation, the agony 


of bei 
being exposed before numbers of spectators,” 
that he 
-.. lingers on in , 
d a 
by ai oubt and fear, till, at last... bereft 


adful sufferings of every domestic comfort, become 
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a burthen on his friends, he is at last conveyed to a Hos- 
pital, when too late to receive relief, his case only be- 
coming an object of importance as a recorded instance 
and fatal warning of the incurable stage of his malady, 
or an example to students, of a desperate and unavail- 
ing operation... .* 


The patient also knows, Bell continued, that “the 
infirmary is not simple charity—but reputed to be a 
school of experiments, and not much famed for suc- 
cessful operations.” Bell gave his services to poor 
patients—one day a week until his poor health 
forced him to quit practice in 1817.5 


Fortunately, Bell’s methods of teaching were con- 
tinued by his student, the popular John Barclay 
(1741-1823).6 He collected many brilliant students 
and demonstrators, among them Robert Liston 
(1794-1847) and James Syme (1799-1870). In 1818, 
when Liston had a disagreement with Barclay, 
Syme became a demonstrator at Liston’s own thea- 
ter. But this collaboration between the distant cous- 
ins lasted only 5 years. Syme found work in the 
hospital more congenial than work in the dissecting 
room and he disapproved of Liston’s methods of pro- 
curing material to dissect. 

Because of this quarrel with Liston, Syme did 
not secure a needed academic appointment in 1829 
and found the Royal Infirmary closed to him. — 
But this did not defeat the great little man called 
the “Napoleon of surgery.” He opened his own pri- 


an operating theater, lecture room, and accommoda 


Y 
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Fig. 2. Alexander Wood, “Lang Sandy Wood,” was often 
seen walking along the streets of the city accompanied by his 
pet sheep and raven. As this illustration from Kay's Portraits 
shows, he carried an umbrella. He was one of the first in 
Edinburgh to do so. 


tions for the resident staff of two house surgeons 
and several apprentices. The hospital was ready 
for patients on May 8, 1829. During the first 3 
months 380 people asked for care, 70 were ad- 
mitted into the house, and 30 operations were per- 
formed, with 2 deaths. Syme worked at Minto 
House for 5 years, performing and perfecting many 
innovative surgical procedures, particularly exci- 
sions of the elbow and knee joints and the first 
of his wonderful series of operations for aneurysm. ? 
t One of the most famous of the operations Syme 
performed at Minto House was the removal of a 
cancerous breast. The patient was Ailie Noble, 


i _ heroine of Rab and His Friends, and her story was 


s told by Syme’s assistant, John Brown (1810-1882). 


$ 


The patient, dressed in her ordinary clothes, ac- 
companied by her husband and his dog, walked 
into the crowded and noisy operating theater. 


Ailie stepped up on a seat, and laid herself on the table, 
as her friend the surgeon, told her; arranged herself, 
gave a rapid look at James, shut her eyes, rested her- 
self on me, and took my hand. The operation was at 
once begun; it was necessarily slow; and chloroform— 
one of God’s best gifts to his suffering children—was 
then unknown. The surgeon did his work. The pale 
face showed its pain, but was still and silent. 

It is over; she is dressed, steps gently and decent- 
ly down from the table, looks tor James; then turning 
to the surgeon and students, she curtsi -and in a low, 
clear voice, begs their pardon i! haved ill. The 
students—all of us—wept like children; the surgeon 
happed her up carefully—and resti n James and me, 
Ailie went to her room, Rab followin 


Ailie died on the fourth day 
ation. 8 

Shortly after this event, Minto House ceased to be 
a hospital. In 1833, Syme was appointed Clini- 
cal Professor of Surgery to the University of Edin- 
burgh, and the dark theater at the Royal Infirmary 
was then his domain. Under his leadership, 
surgery at Edinburgh regained its wonted luster. 

Among Syme’s students, in 1858, was a young 
Canadian, Donald Maclean (1834-1903). In later 
years, he became one of the most convincing 
spokesmen for Syme’s doctrines in the United States, 
recalling admiringly Syme’s skill as a surgeon and 
teacher, his role in adoption of sound princi- 
ples in surgery, and his application to the theory 
and practice of surgery the best discoveries and de- 
ductions of abstract science. He wrote that Syme 


lowing the oper- 


tried to deduce from his surgical experiences rules 
of practice that could be formulated into great gen- 


Fig. 3. Minto House was a square, well appointed house 
of 15 rooms, located near the Infirmary in the densely 
populated part of the old city. 
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Fig. 4. Wooden pavilion hospital at the University of Michigan was designed by Edward S. Dunster, who had been military 
surgeon in the Civil War, and it was patterned after a military hospital. It could accommodate about 150 patients." 


eral principles for the future guidance and inspira- ‘ 


tion of surgeons. °? 

Maclean was given his great opportunity to in- 
fluence the course of surgery when he was made 
Professor of Surgery at the University of Michi- 
gan, Ann Arbor, in 1872. The University of Michi- 
gan was a very progressive school for the American 
midwest, but it lacked an adequate teaching hos- 
pital. In 1875, the legislature made an appropria- 
tion of $5,500 for a hospital building and $2,500 
for its equipment, provided that the citizens of Ann 
Arbor would raise $4,000 for the project. The citi- 
zens of the town responded quickly and gener- 
ously, and the hospital was finished in 1877. 

The building was of the pavilion type used in the 
latter part of the Civil War (Fig. 4). When built, 
it was understood that this hospital would become 
so badly infected within 10 years that it would be 
necessary to burn it. However, the building served 
as a hospital until 1890 and was then used for a 
class and laboratory building for 20 years more. It 
was a very good investment for the townspeople 
of Ann Arbor and the taxpayers of Michigan. Pa- 
tients too poor to pay for medical or surgical treat- 
ment were admitted to the hospital and received 
free treatment from the professors of the medical 
eee key from the hospital staff under their direc- 
aes pe patients were charged $4.00 a week for 
TER ospital accommodations. They were also 
A gea for medicines, dressings, or other appli- 

ces needed in surgical treatment. 1° 


a these comparatively humble surroundings, 
Fe e Maclean became one of the most fascinating 
&tamorous of Michigan’s professors, greatly 


admired by the students. Handsome, bold, and 
dextrous, he was the beau ideal of the young men on 
the benches.!! Maclean held his weekly surgical 
clinics in the morning, in the low-ceilinged amphi- 
theater of the hospital, which was reached by outside 
stairs. Only seniors were required to attend, and the 
front seats were officially reserved for them. The 
juniors enforced their unofficial right to those next 
highest, and any freshman who cared to attend was 
relegated to the top row. 


A surgeon, who was a freshman in 1880, later 
recalled, 


... sitting on the back seats, too far away to see the tech- 
nic of the operation, but inspired by the fact that oper- 
ations were going on; by seeing the assistants as they 
performed their duties; by seeing the members of the 
senior class called down to be quizzed on diagnosis 
and permitted to take some minor part in the opera- 
tions. 


His father had sent him to Michigan for just such 
experience, and he was determined to get it. 


And when this student was a senior, he had ad- 
vanced to the position of Maclean’s assistant. La- 
ter, in a discussion of a paper by his former assis- 
tant, Maclean said, “I have watched with the in- 
tense and critical observation of a father watching 
his son, the work of my former pupil Dr. Mayo, 
and | admire it very much indeed.” 13 

One of the most important concepts that W. J. Mayo 
acquired at Michigan was that “the sick man was 
the hub around which the entire education turned; 
the application of the art of medicine was based 
on the science of medicine.” 4 
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When Will Mayo returned to Rochester, he had no 
hospital. The dramatic story of how, after the shock 
of a tornado in 1883, Mother Alfred and the Sis- 
ters of St. Francis built a hospital in Rochester is 
well known. It opened in the autumn of 1889. 
It had 50 beds, 4 nursing sisters, 1 trained nurse, 
a surgical assistant, Sister Joseph, and a superior, 
Mother Alfred.15 Here W. J. Mayo began his mag- 
nificant career in which he made major contribu- 
tions in the surgery of the stomach, colon, rectum, 
biliary passages, spleen, and kidney. 

The surgical inheritance of W. J. Mayo included 
intellectual bequests from many great surgeons. 
His special genius and vision were his own, but 
the example of great surgeons such as Bell, Syme, 
and Maclean could have furnished helpful in- 
spiration for his own great accomplishments. En- 
thusiasm for teaching, brilliance in improvisa- 
tion, courage and excellence in execution, and con- 
sideration for the patient in opposing needless sur- 
gery could have been Bell's legacy. Syme be- 
queathed some of these qualities as well, and added 
counsel: 

Any one who practices physics or surgery as a pro- 
fession should endeavour to render the means of relief 
which he possesses, as far as possible, available to those 


who require them, and with this view, place the liber- 
ality of the rich to the credit of the poor.? 


Maclean set an example with his imposing pres- 
ence and dedication to the highest ideals of his 
profession. 

According to W. J. Mayo, “The reputation of a 


surgeon... must rest upon originality, teaching by 
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word of mouth, teaching by the printed page, surgi- 
cal judgment, and operative skill.” 16 In the hospital 
of the 1970’s, where conditions, attitudes, possi- 
bilities, and expectations have improved so greatly 
over those of the 1800’s, the reputation of the sur- 


geon still depends on these qualities. 


And he is 


remembered in the thoughts and works of his stu- 
dents, according to the degree in which he excels 
in them. 


a o 
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Cognitive therapy and the Emotional 
Disorders, by Aaron T. Beck, 364 pp, 


with illus, 515, New York: Internation- 
ai Universities Press, 1976 
Cognitive therapy, as defined by the 
author, is a kind of common sense psy- 
chotherapy based on the theory that the 
emotionally disturbed individual, through 


introspective observation of his conscious 
thoughts and feelings, can be guided to- 
ward therapeutic awareness of the reme- 
dies for his psychologic conflicts. In con- 
trast to the position posited by psycho- 
analytic theory, psychologic problems 
are not necessarily the product of mys- 
terious unconscious forces but may re- 
sult from commonplace processes such as 
learning incorrectly, making incorrect 
inferences, and not distinguishing ade- 
quately between imagination and reality. 
Central to the process of cognitive therapy 
is the idea of the automatic thought that 
is present but not reported during free 
association and is a separate train of 
thought running parallel to the reported 
thought content. Thus the cognitive ther- 
apist encourages the patient to apply 
the same problem-solving techniques he 
has used throughout his life to correct 
his fallacious thinking, using such cogni- 
tive processes as introspection, insight, 
reality testing, and learning. Essentially, 
this approach consists of greater interest 
in, and willingness to accept at face value, 
conscious thoughts, goals, and attitudes. 
The therapist focuses on the individual's 
conscious ideas. 

The subject material is presented in an 
organized and eminently readable manner 
that has the manifest double purpose of 
describing cognitive therapy and its 
application and, secondly, convincing 
the reader of the scientific validity and 
even superiority of this type of psycho- 
therapy. The author succeeds admirably 
in his first purpose, discussing the cogni- 
tive content of various emotional dis- 
orders—particularly neurotic anxiety and 
depression—and using case vignettes fre- 
Hierro ees Metso colcs 
therapy a di i Dess ct cognitive 
aAa Jiscussed in a lucid style 

acking in other expositions on the 
Proper conduct of psychoth 

Whether th ycno erapy. 

E Ee e author accomplishes his 
each fare must be left to the judg- 
ndividual reader, who will be 


biased by his Particular psychotherapeutic, 
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behavioristic, or biologic orientation about 
the causes and remedies of emotional dis- 
orders. However, the open-minded eclec- 
tic psychotherapist should find the ideas 
presented intriguing and stimulating. At 
best, cognitive therapy may hold the prom- 
ise (heretofore often unfulfilled) of allow- 
ing both the therapist and the patient to 
understand rationally what is happening 
in the mysterious if not mystic psycho- 
therapeutic relationship. The book is 
recommended to both the aspiring and 
the experienced psychotherapist. 


John A. Graf, M.D. 
Department of Psychiatry and 
Psychology 


The Patchwork Mouse, by Joseph Hixson, 
240 pp, $7.95, Garden City, NY: Anchor 
Press/Doubleday, 1976 


In March 1974, while working at the 
Sloan-Kettering Institute for Cancer Re- 
search, Dr. William T. Summerlin ad- 
mitted that he had inked black patches 
on white laboratory mice to support his 
claims of having made a transplantation 
breakthrough. Over the preceding 2 years 
he had described a new way to success- 
fully transplant skin, corneas, and possi- 
bly entire organs from one animal to an- 
other by first incubating them in tissue 
culture. His mentor Dr. Robert A. Good, 
director of the institute, frequently had 
told other scientists and reporters that, if 
confirmed, Summerlin’s work was a major 
immunologic advance which also had 
important implications in cancer. Cancer 
research dollars had supported Summer- 
lin’s work. When uncovered, Summerlin 
said that most of his erroneous claims 
had been based on the misunderstanding 
of experimental results. He also blamed 
his actions on extreme personal pres- 
sures as a result of very heavy clinical 
and research responsibilities and cited 
Good for placing him under great pres- 
sure to produce “progress” in research. 
Was this episode of deliberate falsifi- 
cation of experimental results unique to 
the scientists involved? Or was there 
some truth to his excuses even though 
they didn’t exonerate his actions? Al- 
though Summerlin apparently was not 
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interviewed at any length by the author, 
leaving certain questions unanswered, | 
think that a strong effort was made to deal 
objectively with information at hand. 

A major portion of the book was spent 
exploring the question of whether the cli- 
mate of cancer research today, with its 
high rewards and strong temptations, was 
somehow at fault. Hixson broadly reviews 
the development of federal funding of 
cancer research, the politics involved, 
and the problems that can arise when large 
amounts of federal money are allocated 
for targeted research without full consid- 
eration of the capacity of current facilities 
to make use of the money effectively. 
Perhaps as a manifestation of the popular 
belief, current in America, that problems 
(a disease in this instance) can be con- 
quered by passing legislation against them, 
Congress and the public may expect more 
than can be delivered. When scientists 
yield to temptations to promise more than 
can be accomplished, public disappoint- 
ment in science is likely to ensue. The 
solution to the cancer problem will re- 
quire the development of new fundamen- 
tal knowledge; however, its acquisition 
cannot be placed on a timetable similar 
to those previously successful in applied 
research. | think that science writers can 
have an important role in helping pre- 
vent or reduce such communication gaps 
between science and the public by tem- 
pering enthusiasm in reporting with reality. 
Hixson agrees. He places responsibility 
on science writers for a larger accuracy 
than merely being sure a quotation is 
correct. He wants them to be able to 
evaluate and add perspective. | wish all 
reporters felt this responsibility. 

Hixson uses the Summerlin case as an 
entry to the whole arena of cancer re- 
search. The relationship of some of the dis- 
cussion to the original patchwork mouse 
is rather tenuous. | suspect this book will 
have wide appeal, and not only to those 
familiar with the research world who might 
be interested in the details of this scan- 
dal. Those who think that research is still 
confined to the ivory tower will have their 
view broadened, and those concerned 


with today’s changing moral standards 


will get an insight into forces that may in- 
fluence behavior. 


Gene G. Hunder, M.D. 
Division of Rheumatolo; 
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i Radiology of the Orbit, by Glyn A. S. 
> Lloyd, 228 pp, with illus, $22.50, 
Philadelphia: W. B. Saunders Company, 
1975 


This monograph blankets nine modali- 
ties that are currently available for 
imaging the orbit. These modalities in- 
clude noninvasive studies such as plain 
film examination, multidirectional tomog- 
raphy, A and B mode ultrasonography, 
and computerized tomography (CT), as 
well as invasive techniques such as venog- 
taphy, carotid angiography, pneumog- 
taphy, positive-contrast orbitography, and 
dacryocystography. Considering the 
choices available, it seems reasonable 
that certain anatomic structures 
would be best depicted by a specific 
examination. Lesions involving or 
arising within the optic globe are often 
best demonstrated by B mode ultra- 
sonography, whereas those involving the 
remainder of the orbit are best visual- 
ized by accepted and recently innovated 
radiologic modalities. Most techniques 
reveal either the bony orbital confines 
or the orbital structures that can be 
T opacified by contrast medium. Orbital 
EN soft tissues, optic nerve and globe, extra- 
ocular muscles, and orbital fat were not 
well displayed until CT was introduced. 


Emphasizing unilateral ocular proptosis, 
the text is concise, well organized, and 
well illustrated. Chapters concerning vas- 
cular malformation and tumors deserve 
special attention because each lesion, 
including its basic pathologic process 
7 and usual site or sites of origin in the 
mid various surgical compartments, is dis- 
cussed in depth. In addition, the author 
describes those radiographic, venograph- 
ic, and angiographic features that allow 
a lesion to be localized to a compart- 
ment. The acme of this presentation is 
r the author's illuminating approach to 
= the analysis of orbital venography. The 
= remainder of the treatise is devoted to 
= orbital trauma, dacryocystography, and 
_ disease of the paranasal sinuses and 
nasopharynx. 


T 


3 
<b 


8 pages of text, casts an ominous shadow 
over invasive radiologic techniques. One 
pargi __must heed the author's conclusion that CT 
will affect, if not replace, several current- 
= ly accepted imaging modalities. The 
$ ~ 7H 

probability of replacement depends 
= on the relative merit and inherent risk 
each examination. Specifically, orbit- 
hy and positive contrast 
eem vulnerable, while carot- 
hy and orbital venography 
e the intraorbital 


cular anatomy isan well depicted 
by CT. P 
In 


Conc n 


unusual, yet CT is Currently shak 
pillar: 3 p 


= Paradoxically, CT, which occupies only , 


Fr "2 = 


a transitional period, major texts, that 
would have been widely circulated, 
may virtually be ignored. The precise 
tole of CT is yet to be determined; 
however, a fundamental understanding 
of orbital lesions—the foundation of this 
monograph—is pertinent to any imaging 
method. Therefore, radiologists and oth- 
er physicians interested in orbital diagnos- 
tics will benefit from reading this book. 


O. Wayne Houser, M.D. 
Department of Diagnostic 
Roentgenology 


Handbook of Physiology, Section 7: Endo- 
crinology, Volume VII—Parathyroid 
Gland, edited by Roy O. Greep, Edwin 
B. Astwood, and Gerald D. Aurbach, 
488 pp, with illus, $55, Washington, 
DC: American Physiological Society, 
1976 


Seventh and last of the volumes on endo- 
crine topics from the ongoing series of 
Handbooks of Physiology, its scope goes 
far beyond what its title implies. Only 5 
of its 19 text chapters are directly con- 
cerned with the parathyroid glands and 
their secretory product(s). Actually, the 
contents span the entire field of mineral 
homeostasis in man and animals. 

The editors have divided the topic into 
three broad areas: skeletal tissue and 
mineral homeostasis (10 chapters), para- 
thyroid glands (5 chapters), and ultimo- 
branchial glands and calcitonin (4 chap- 
ters). The 34 authors, almost all estab- 
lished investigators in their respective 
fields, provide individual chapters as 
diverse as “calcium homeostasis in cattle,” 
“ionic control of metabolism,” and “sec- 
ondary hyperparathyroidism.” The qual- 
ity and readability of chapters vary enor- 
mously. | cannot agree with the adver- 
tising flyer accompanying the book, which 
claims that “this latest edition goes far 
beyond more conventional presentations 
in confronting the singular problems and 
controversial issues related to an under- 
standing of... calcium metabolism.” 
Bosh. These are mostly pedestrian but 
competent and thorough reviews of the 
usual sort. The authors, albeit experts, 
have biases that are plainly evident. 

Some efforts must be praised: Raisz 
has produced a gem—brief, clear, and 
logical—on “mechanisms of bone resorp- 
tion.” This model should have been emu- 
lated by the other authors. Livingston 
and Wacker offer a provocative, con- 
cise, and useful review of that often-for- 
gotten ion, magnesium (“Magnesium is 
the metal of most general importance in 
biochemical reactions. ...’’ [emphasis 
added]). DeLuca once again skillfully 
and authoritatively reviews the recently 
revitalized vitamin D. In contrast, a few 
chapters deserve no praise: Glimcher's 
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“composition, structure and organization 
of bone and other mineralized tissues and 
the mechanism of calcification” (longest 
title and longest chapter!) is prolix, dense, 
and underillustrated. Important issues are 
lost in the thick underbrush of verbiage. 
This chapter will be of great interest only 
to those intimately involved in related 
research. 

A most egregious flaw is the failure of 
either chapter on bone to define or depict 
the osteon (or haversian system), the basic 
structural unit of compact bone. The naive 
reader could get a mistaken idea of the 


microstructure of bone from these presen- 
tations. 
A few minor cavils. ihe lastest references 


are dated 197 Tt 

ments are out-of-date 
vances in know! 
as Brewer's revised 


refore, many state- 

and important ad- 
e are omitted (such 
bovine PTH sequence, 


pre-pro-PTH, racioin:munoassay of calci- 
tonin in norma! human plasma, and im- 
munoheterogeneily of circulating calcito- 
nin). Of the 22 geographic areas repre- 


sented by the authors, 16 are in the Eastern 
United States (most from Boston or Bethes- 
da); this is reflected at points in some 
unevenness in choice of references. 
Secondary hyperparathyroidism rates a 
whole chapter whereas primary hyper- 
parathyroidism is scarely mentioned. 
Munson is permitted to use the term 
“thyrocalcitonin” (current only in North 
Carolina) whereas all other authors in the 
book use the more usual “calcitonin.” 
This variant usage goes unexplained in 
his otherwise admirable chapter. 

This book will not be of value to clini- 
cians. Its slightly “dated” character and 
high price will keep it from the shelves 
of many of the specialists who could use 
it; academic medical libraries must have 
it, of course. It will stand as an imposing 
monument to the “state of the art” of 
mineral metabolism in 1974. 


Hunter Heath Ill, M.D. 
Endocrinology Research Unit 


Explorations in Child Psychiatry, edited 
by E. James Anthony, 519 pp, $25, New 
York: Plenum Press, 1975 


Anthony, a scholarly and prolific writer, 
has edited an important book for child 
psychiatrists. Child psychiatry is young 
enough as a medical specialty not to 
have accumulated a research tradition. 
Summing up the state of the art and 
science, Anthony deplores the lack of 
research in this specialty, which has re- 
mained chiefly service oriented. He states, 
“The art has flourished, but the science 
has stood still... .We must have more 
solid and verifiable underpinnings of 
knowledge than we currently possess. 
Despite this pessimistic assessment of the 
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present, he states that the purpose of 
the book is to be encouraging. It can 
be a stimulus for ideas and programs 
that will lead to the establishment of 
a firmer research foundation in the field. 

To this end, he invited the contribu- 
tions of 16 child psychiatrists active in a 


broad spectrurn of research endeavors. 
Their essays are highly personal enunci- 
ations of their investigations, influences 
on their carcers, and their philosophies. 
The contributcrs include both seasoned 
worke wisdom is derived from 
experienc and younger investigators, 
whose | ı ideas hold much promise 
for the future. It is noteworthy that 
each of the contributors is first a clini- 
cian. Many had “backed into research” 
because of the unanswered questions that 
confronted them in their clinical work. 

Chess, in describing the beginning of 


her career, writes that she assumed that 
all researchers started their investigations 
with elegant, unbiased designs, carried 
them through with single-mindedness of 
purpose, and finished with clear, une- 
quivocal, meaningful results. She learned 
that the clinician is a practical person. 
To him falls the task of matching theory 
to actuality. Bruch’s essay on the con- 
structive use of ignorance epitomizes 
the necessity for open-mindedness, in- 
tellectual honesty, and clear thinking in 
an investigator. 

The nature of the individual research- 
ers emerges as the overriding influence 
that nurtured the spark of their investi- 
gational interest. This was further fostered 
by the models they saw in their teachers. 
Reading the book and thereby glimpsing 
the workings of some of the most active 
minds in the field gives one reason 
for optimism, for among the writers are 
the teachers of the present and next 
generation of child psychiatrists. The book 
is highly recommended. 


Alexander R. Lucas, M.D. 
Section of Child and Adolescent 
Psychiatry 


Pernicious Anemia (Major Problems in 
Internal Medicine, Volume VII), by 
Lawrence Kass, 261 pp, with illus, 
$17, Philadelphia: W. B. Saunders 
Company, 1976 


In his monograph on pernicious anemia, 
Kass has brought together in a clear 
and interesting manner an account of the 
history and development of this fascinating 
syndrome, In dissertations of this type, 
aie accaunt of the historical aspects 
Pee ae of a few paragraphs to 
ful FS A e reader into the more meaning- 
A re Alp contrast to this technique, 
eden 2 eveloped one of the most inter- 
Sane torical accounts with which | 

miliar. Not only is the work of the 
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six Nobel laureates presented but also 
the contributions of many other indi- 
viduals are well documented. 

The author does a real service in bring- 
ing together and correlating an extensive 
literature on the chemistry, physiology, 
pathology, and pathogenesis of this 
megaloblastic anemia. The book is well 
illustrated, although the reader would ap- 
preciate having a few more of the prints 
published in color. Kass concludes with 
an epilogue presenting a number of 
problems that have concerned hematolo- 
gists for years and are yet unsolved. 


Donald C. Campbell, M.D. 
Division of Hematology and 
Internal Medicine 


FASEB Monographs, Volume 1, The Sci- 
ence of Life: Contributions of Biology 
to Human Welfare, edited by K. D. 
Fisher and A. U. Nixon, 384 pp, with 
illus, $27.50, New York: Plenum Press, 
1975 


In spite of an acknowledged political pur- 
pose, this volume succeeds in conveying 
an accurate account of many advances 
in medicine, dentistry, food science, pop- 
ulation biology, marine science, and en- 
vironmental sciences. For the most part, 
the chapters read smoothly and the ex- 
amples are well chosen. Some inevitable 
redundancies do occur and, occasional- 
ly, the writing becomes too technical 
for the intended reader. But these are 
minor criticisms. 

The major question that the work raises 
in my mind is whether it might have been 
more effective to emphasize the inter- 
relatedness of “basic’’ and “applied” 
research and the contributions of re- 
search in one field to applications in an- 
other. The present volume touches upon 
these relationships but its primary focus 
remains on applications “to human wel- 
fare.” Perhaps the task force responsible 
for the present compilation will consider 
emphasizing more fundamental concepts 
in a future volume. 


C. Wayne Callaway, M.D. 

Division of Endocrinology/ 
Metabolism and Internal 
Medicine 


Fundamentals of Vascular Radiology, by 
Robert |. White, Jr., 163 pp, with illus, 
$13, Philadelphia: Lea & Febiger, 1976 


Students, residents, and indeed any 
physicians involved or interested in angio- 
graphic procedures will greatly appre- 
ciate this text. It is complete enough to 
provide the necessary preangiographic 
evaluation, fundamental enough to help 
students get started, and thorough enough 


to alert the reader to areas of caution 
and potential hazards. 

The principles of percutaneous cathe- 
terization and the equipment for special- 
procedure roentgenography are adequate- 
ly done. These sections appropriately do 
not include any reference to coronary 
arteriography. The chapter on contrast 
material is well done and this, as well 
as all other chapters, is followed by an 
excellent bibliography. And the section on 
hemodynamic measurement is especially 
appropriate because this is an area often 
treated superficially during the usual rota- 
tion of a resident through vascular radi- 
ology. Each of the major areas of vascular 
anatomy, excluding coronary, is then re- 
viewed quite adequately. 

The chapter on pulmonary angiography 
is excellent, reflecting the author's ex- 
perience and interest. And the final chap- 
ter is on pediatric angiography, an area 
many of us do not have extensive ex- 
perience with; it seems to consolidate 


technical thinking in this area. 


| would offer only a few minor criti- 


cisms of the text and will not comment 
on the techniques of the author, because 
technique is often merely a matter of in- 
dividual preference. Perhaps a section 
could have been included about tech- 


nical film quality because excellent ana- 


tomic display is needed for accurate diag- 
nosis. The section on renal angiography 
perhaps should emphasize more the need 
for selective studies. 
ways be as much anatomy as possible 
displayed when doing a flush or mid- 
stream aortogram, and | would not recom- 


There should al- 


mend end-occluded catheters. 

This book meets the author's intent of 
providing the fundamental technical infor- 
mation needed to perform good angiog- 
raphy. It demonstrates his knowledgeable 
background in cardiology and radiology 
and underscores the necessity for any 
radiologist performing angiography to be 
fully conversant with the patient's prob- 
lem and to be truly the consultant in charge 
of the examination and responsible for the 
patient's welfare. 


Richard E. Fulton, M.D. 
Department of Diagnostic 
Roentgenology 


Venous Surgery in the Lower Extremities, g 
edited by Lt. Col. Kenneth G. Swan, — 
ol 


464 pp, with illus, $32.50, St. 
Warren H. Green, 1976 


Venous Surgery in the Lower Exi 
is an assemblage of 34 pape 
spersed with seven discus: 
Of the 19 participants in he i 
9 were from the 
civilians. The stat 
the symposium w. 
peripheral vascular 
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' to trauma, is not receiving the emphasis 
t that it warrants today. The invited parti- 
i cipants, most of whom are well-known 
in the field of vascular surgery, were 
chosen because of their ongoing interest 
in research; thus the inclusion of con- 
siderable laboratory data in the program 
was inevitable. 

The clinical data on vascular and 
venous injuries, as presented in the first 
group of papers, were drawn mostly from 
the experiences of World War II, the 
iy Korean conflict, and the Vietnam conflict. 

byi The Vietnam experience indicated that 
: the most common venous injuries involved 
i the superficial femoral veins, the popli- 
Ph} teal veins, and the brachial veins, in that 
rib order of frequency. Except for iatrogenic 
i venous trauma, most venous injuries have 
pi concomitant arterial injuries and most of 
these injuries occur in the extremities. 
Of femoral artery injuries, at least 30 
to 40% will have concomitant venous 
damage. 

Various methods of measuring blood 
flow and the limitations of these methods 
are presented. The neurohumoral and 
exercise influences on blood flow in the 
extremity are discussed, and measures to 
prevent thrombosis in the injured veins by 
the meticulous attention to technical de- 
tail in the repair, by altering the blood 
velocity, by creating arteriovenous fistulas, 
and by using anticoagulants are included 
in other presentations. 

A more apt title to this volume might 
be “A Symposium on the Physiologic 
and Surgical Aspect of Veins in the Lower 
Extremity Injured by Trauma.” According 
to the title as stated, the book should 
otherwise have included the more com- 
monly performed surgery for the veins 
of the lower extremity, such as the surgi- 
cal treatment of varicose veins and the 
surgical treatment of acute superficial 
thrombophlebitis. Because the volume is 
a collection of papers presented at a 
symposium and not a textbook, there is 
an overlap of material presented and some 
recurring sameness in the bibliographies. 

The gist of the symposium is a plea 
that the veins of the lower extremity, 
if injured, lacerated, divided, or torn, 
should (if at all possible) be repaired by 
direct suture or by interposing an allo- 
graft in hopes of restoring venous return. 
Data from the armed forces document this 
concept, which was supported by the 
experimental laboratory data. The impor- 
tance of meticulous attention to techni- 
cal detail in the repair of the vein, the 
use of anticoagulants, and the possible 
use of an arteriovenous fistula to acceler- 
ate blood flow across the site of repair 
t factors in maintaining the 
f the vein following repair. This 
ers together the current efforts 
inical management of venous 
ad provides an overview of re- 
gations of maintaining venous 
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patency following repair. The symposium 
is of interest to the vascular research 
laboratory scientist more than to the 
practicing clinician, who is more often 
faced with the mundane challenges of the 
postphlebitic leg syndrome (which is only 
briefly mentioned) and the problem of 
varicose veins and varicose ulcers (which 
were not considered). 


Eric P. Lofgren, M.D. 
Section of Peripheral Vein 
Surgery 


Atlas of Cerebrovascular Disease, by 
William F. McCormick and Sydney S. 
Schochet, Jr., 428 pp, with illus, $28, 
Philadelphia: W. B. Saunders Company, 
1976 

Anatomic pathologic studies represent the 
basis for ultimate diagnosis in most dis- 
orders, but particularly in vascular dis- 
eases of the nervous system. This volume 
is largely a photographic atlas of the nor- 
mal and abnormal anatomy of the blood 
vessels as well as of the resulting nervous 
system parenchymal lesion related to 
blood vessel disorders. 

The sections on arterial and venous 
anatomy are conventional descriptions 
but include excellent black and white 
photographs emphasizing the arteries at 
the base of the brain. In addition, there 
are photographs with line drawings indi- 
cating the regions perfused by the various 
blood vessels that are described, and this 
format is helpful in developing visual im- 
ages of the relationships of artery and 
appropriate brain parenchyma. 

It is true for the section on ruptured 
aneurysms, as it is for other sections, that 
the photographic material presented rep- 
resents a distortion of the disease pro- 
cess, simply because the studies were 
taken from autopsy collections. The book, 
therefore, presents a disproportionate rep- 
resentation of severe problems that more 
commonly lead to death. This may be 
particularly notable in respect to the 
section on subarachnoid hemorrhage from 
aneurysms and angiomas or arteriovenous 
malformations. 

The authors cover the clinical effects 
of systemic hypertension somewhat 
sketchily but raise appropriate questions 
about the precise relationship between 
systemic hypertension and intracerebral 
hemorrhage. There is also, in the section 
on occlusive disorders, an excellent de- 
scription of the technique for removing 
extracranial arteries at autopsy. There are 
also a valuable description and excellent 
photographs demonstrating the conse- 
quences and location of lesions in the 
carotid artery that occur associated with 
intramural injections at the time of arteri- 
ography. 

The discussion on arterial and venous 
thrombosis in patients who are on oral 
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contraceptives is not a very critical one, 
and no evidence is presented for a causal 
relationship between the lesions noted 
and the administration of oral contracep- 
tives. Furthermore, there is no discussion 
of thrombosis and infarction in young per- 
sons in general in circumstances in which 
there is no known etiologic precipitating 
mechanism. 

As in the description of cerebral infarc- 
tions, the authors also use brief case his- 


tories as the introduction to presenting 
photographs of pathologic material in 
various types of brain hemorrhage. In 
raising appropriate Guestions about the 


relationships between hypertension and 
brain hemorrhage, the authors on several 
occasions erroneously use the word “prev- 
alence” when they actually mean frequen- 
cy of finding a lesion or a condition at 


autopsy examination. They emphasize 
that the causative factors in intracerebral 
hemorrhage are unknown and they appear 
to favor the old idea, not yet disproven, 
that hemorrhage occurs primarily in areas 
of previous infarction. In addition to a 
brief section on intracranial hemorrhage 
related to ruptured aneurysms, there is a 
short description of numerous other con- 


ditions that might be associated with intra- 
cranial hemorrhage. 

The section on mass lesions adds little 
and simply points out that when aneu- 
rysms, arteriovenous malformations, or ec- 
tatic arteries are adjacent to cranial nerves 
or other parts of the central nervous sys- 
tem, they may cause dysfunction by pres- 
sure on those portions of the nervous 
system. 

The chapter on spinal cord infarction is 
superfluous because it is not handled very 
completely and only covers spinal cord 
infarction related to aortic disease. There 
is no comprehensive discussion of how 
various distributions of spinal cord infarc- 
tion occur. Because the title of the book 
relates to cerebral vascular disease, it 
would not have been a loss to have omit- 
ted this chapter. 

The excellent photographs in this atlas 
are the primary value of the work. They 
are organized along the lines of clinical 
description to provide an easy reference to 
clinicopathologic correlations of cerebral 
vascular disorders. 


Jack P. Whisnant, M.D. 
Department of Neurology 


Cooking for Diabetics at Home and Away, 
by Winnie Balfour Rhodes, 261 pp, 
$12.50, Springfield, Illinois: Charles C 
Thomas, Publisher, 1976 


Much more than a cookbook, this book 
contains many hints that will ease the 
daily routine of the diabetic person and 
his family. Almost all dietary circum- 
stances are anticipated, For instance, 
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there is even a chapter on being a house 
guest. The difficulties of adhering strictly 
to a prescribed diet are recognized, and 
many options are given for lessening any 
feeling of monotony while not straying 


too far from the dietary regimen. The use 
of artificial sweeteners is considered in 
a rational way with specific instructions 
and examples 

The aut tates that the recipes have 
been test epeatedly, and their formula- 
tions give the appearance that this is so 
A strong ple made for baking one’s own 
bread tor the greater enjoyment of our 
staff of life. Certainly, among the taste 
sensations iilable to us, freshly baked 
bread rates among the most delectable 


One might question the use of artificial 
sweeteners in some of the bread recipes, 
since the sugar added in most bread 
recipes is fermented by the yeast and thus 
is not to be considered as a form of sugar in 
the diet. The authors use potato as a sub- 
strate for the yeast and the artificial sweet- 
eners are thus intended for flavor 

Most of the recipes are for family- 
sized servings and hence will find ready 
use. Conventional household measures 
are used throughout, and some arithmetic 
would be needed for the cook who might 
“go metric” in the next several years. 

It is unfortunate that this excellent 
cookbook has been published at the time 
the new exchange lists have been pub- 
lished by the American Diabetes Asso- 
ciation and the American Dietetic Asso- 
ciation. These new exchange lists are 
sufficiently different from those used in 
this cookbook so that a given recipe may 
yield appreciably different numbers and 
sorts of exchanges by the new scheme. 
The qualified dietitian and the diabetic 
person who knows his dietary principles 
thoroughly can make the necessary trans- 
lation from the new to the old exchanges, 
however 


Carol L. Willett, R.D. 
Clifford F. Gastineau, M.D. 
Nutrition Clinic 


Self Assessment in Clinical Cardiology, II, 
edited by Michael S. Gordon, 363 pp, 
with illus, $11.95, Chicago: Year Book 
Medical Publishers, 1976 


This second volume was patterned after the 
first and, like it, was derived from a teach- 
ing conference in clinical cardiology 
held at the University of Miami. This 
origin lends strengths but also some weak- 
eee There is a kind of spontaneity 
N A, the subjects that are de- 
Darena 7 aueren! contributors, but 
eee ae t eir written contributions 

I Variation might not be an 
of the presentations at 
ence. The editor attests 


accurate measure 
the teaching confer 


that he has expended considerable effort 
in editing the material. In the list of sub- 
jects derived from a teaching conference 
the horizon is necessarily somewhat lim- 
ited; the list of topics in this book seems to 
reflect this bias rather than a situation in 
which the editor included everything he 
considered important. 

Cardiology requires basic information as 
well as the latest clinical advances and 
items of classical bedside teaching. All 
these Gordon has included. Among the 
most difficult subjects to write about and 
to test are those that usually are imparted 
verbally and that usually are included as 
classical bedside teaching. In this book the 
effort to teach and to test are both made 
and the result is quite acceptable. There is 
a subtle inducement to learn created by 
the title and by the two main parts. The 
title suggests that each reader is being 
asked to compete with himself and thereby 
to enrich his knowledge. The instructional 
portion would be expected to impart the 
knowledge that the second part tests. In 
fact, both parts teach. The testing section 
has answers that can be seen, disputed, 
and evaluated, and the test becomes a kind 
of cap on the learning experience 

How about the future? | hope that 
Gordon will continue—ideally, using the 
same kind of outline, possibly expanded. 
The subject list might focus on a broader 
spectrum of what should be understood in 
cardiology, either in terms of a core of 
knowledge or in terms of “recent develop- 
ments.” There is a fine conceptual line 
between a thorough review book and a 
definitive textbook. This book is not yet 
a really thorough review but it has promise 
and form. It is well worth the time of the 
interested reader to obtain the book and 
enlarge with the editions. 


John A. Callahan, M.D. 
Division of Cardiovascular 
Diseases and Internal 

Medicine 


Scientific Foundations of Oncology, edit- 
ed by T. Symington and R. L. Carter, 
710 pp, with illus, $65, London: William 
Heinemann Medical Books Publication, 
1976 


The editors emphasize the importance of 
communication between clinical and non- 
clinical oncologists and propose to facili- 
tate this communication by presenting 
“authoritative summaries of modern 
trends” in oncology. The book contains 
73 such summaries, or chapters, by 101 
authors. The main sections consist of 
pathology, biochemistry, cell kinetics, 
chromosomes, invasion and metastases, 
genetics, epidemiology, carcinogenesis, 
immunology, systemic effects of neo- 
plasia, recent developments in diagnosis, 
and current problems in treatment, 
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The section on pathology includes con- 
cise, provocative examinations of topics 
ranging from ultrastructure of tumor cells 
to tissue culture methods and cell fusion 
studies. The general format for the sections 
on biochemistry, epidemiology, and 
immunology is that of an initial general 
discussion followed by a detailed exami- 
nation of the appropriate discipline in 
several specific neoplastic diseases. The 
consideration of carcinogenesis covers 
a large portion of the book, about one- 
third, and is comprehensive and particu- 
larly well done. 

The coverage of treatment aspects is 
relatively superficial, not receiving the 
same degree of attention as do many of the 
other subjects in the book. The chemo- 
therapy of breast cancer, lung cancer, 
and the lymphomas are each covered in 
one-half page or less, that of colorectal 
cancer in about one-quarter page, and 
melanoma, one sentence. The discussion 
of surgical treatment is concerned with 
generalities and philosophy of approach 
rather than with a thorough analysis of 
treatment of specific disease entities. The 
authors’ intent appears to be the presen- 
tation of an overview of different modal- 
ities of treatment, and this is not a book 
that the practicing doctor will find par- 
ticularly helpful for determining therapy 
for the individual patient. 

As with any multiauthored book, the 
chapters vary in quality, but overall the 
quality is high. Most of the authors are 
European and, as would be expected, 
there is an emphasis on the citation of 
European literature. The book is, in gener- 
al, quite good and will be found to be 
useful to those individuals with a special 
interest in neoplastic diseases, from the 
medical and graduate student to the on- 
cologist, whether clinical or nonclinical. 


James N. Ingle, M.D. 
Division of Medical Oncology 


BOOK NOTICES 


Adventures in Medical Research: A Cen- 
tury of Discovery at Johns Hopkins, 
by A. McGebee Harvey, 480 pp, with 
illus, $16.95, Baltimore: Johns Hop- 
kins University Press, 1976 


A certain danger invests any attempt to 
describe the outstanding accomplishments 
of an institution. The danger, of course, 
is chauvinism. Harvey escapes the trap 
by letting the facts tell the tale. And 
a remarkable tale it is: of investigators 
such as Opie, Cullen, Mall, Florence 
Sabin, Hammon, Rich, Longcope, Blalock, 
Perrin Long, and dozens of others. 
The book is readable, well documented, 
and fascinating. 
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Epidemic and Peace, 1918, by Alfred 
W. Crosby, Jr, 343 pp, with illus, 
$17.50, Westport, CT: Greenwood 
Press, 1976 


As Crosby points out, the catastrophic 
influenza epidemic of 1918 has received 
remarkably little attention by historians. 
He has attempted to remedy this de- 
ficiency. The book is well written and 
thoroughly documented; its coverage is 
not only medical but also political, so- 
cial, and military. The timing of publi- 
cation seems especially apt because of 
the current predictions of an upcoming 
epidemic of swine influenza. 
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Eugenics: Then and Now (Benchmark Pa- 
pers in Genetics, Vol. 5), edited by 
Carl Jay Bajema, 400 pp, with illus, 
$25, Stroudsburg, PA: Dowden, Hutch- 
inson & Ross, 1976 


For the 110 years since Galton invented 
the word, eugenics has been the arena 
for attacks and counterattacks of the most 
vigorous—sometimes vicious—variety. 
Within this volume, Bajema has collected 
much of the most pertinent literature of 
that lengthy (and certainly unended) con- 
troversy. Of all the similar volumes pro- 
duced by this publisher, Eugenics seems 
to have the most direct and continuing 
Sad relevance, for the emotional issues are 
unchanged and science has done little 
to alter these issues. 


S American Medical Education (The For- 
Ft mative Years, 1765-1910), by Martin 
Kaufman, 219 pp, $12.95, Westport, 
CT: Greenwood Press, 1976 


Some coherent picture of the growth of 
i medical education in this country has 
= long been needed. The process did not 
7 of begin with Flexner; indeed, that is where 
this book ends. Kaufman traces the 
growth through the days of the empirics, 
the problems of grave-robbing, the rise of 
n = medical sects, and the shattering political 
z E struggles that went on seemingly end- 
___lessly. Certainly the good old days were 
eet not so splendid. 
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s of Clinical Hematology, 
uart Leavell and Oscar 
Jr., 769 pp, with illus, 
W. B. Saunders Com- 
Vind 
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The Cerebral Vessel Wall, edited by 
J. Cervós-Navarro, E. Betz, F. Matakas, 
and R. Wüllenweber, 287 pp, with illus, 
$22, New York: Raven Press, 1976 

Color Atlas & Textbook of Tissue and 
Cellular Pathology, 5th ed, by Walter 
Sandritter, 329 pp, with illus, $29.95, 
Chicago: Year Book Medical Publishers, 
1976 

Advances in Pediatrics, Volume 2, 
edited by Irving Schulman, 421 pp, with 
illus, $27.50, Chicago: Year Book Medical 
Publishers, 1976 

A Laboratory Guide to Clinical Diag- 
nosis, 4th ed, by R. D. Eastham, 311 pp, 
$8.95, Bristol: John Wright & Sons, 1976 

Color Atlas of General Surgical Diag- 
nosis, by William F. Walker, 448 pp, with 
illus, $37.95, Chicago: Year Book Medical 
Publishers, 1976 

A Short Practice of Clinical Psychiatry, 
by Russell Barton, 421 pp, with illus, 
$29.95, Bristol: John Wright & Sons, 
1975 

Blood-Brain Barrier in Physiology and 
Medicine, by Stanley |. Rapoport, 328 
pp, with illus, $25, New York: Raven 
Press, 1976 


The Language of Medicine: A Work- 
text Explaining Medical Terms, by Davi- 
Ellen Chabner, 653 pp, with illus, $11.50, 
Philadelphia: W. B. Saunders Company, 
1976 

Hypothalamic-Pituitary-Adrenocorti- 
cal Regulation: A Contribution to Its 
Assessment, Development and Disorders 
in Infancy and Childhood with Special 
Reference to Plasma Cortisol Circadian 
Rhythm (Monographs in Paediatrics, Vol. 
7), by Rolf P. Zurbrigg, 91 pp, with illus, 
$20, Basel: S. Karger AG, 1976 

The Neuropsychology of Memory, by 
Alexander R. Luria, 388 pp, with illus, 
$22.95, Washington, D.C.: V. H. Winston 
& Sons, 1976 

The Heart and Circulation (Benchmark 
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vagement and Prognosis of Multiple Myeloma 


Patients with asymptomatic or smoldering multiple myeloma should not be treated but 
should be observed closely for progression. For symptomatic myeloma, chemotherapy is 
indicated. Melphalan, the agent of choice, should be given with prednisone for 1 week 
of every 6 weeks. If melphalan brings no response, or response and then relapse, 
cyclophosphamide (Cytoxan) should be given intravenously every 4 weeks or orally 
every day. BCNU, CCNU, and doxorubicin (Adriamycin) have also shown activity in 
myeloma. Hypercalcemia occurs in one-third of patients and should be countered with 
hydration, corticosteroids, Neutra-Phos, or mithramycin. Long-term hemodialysis has 
achieved some success. The combination of sodium fluoride and calcium carbonate 
produces new bone formation; it seems a useful adjunct in treatment for myelomatous 
bone disease. Radiation should be utilized only for severe, localized pain or for solitary 
lesions. Survival with multiple myeloma varies, mean durations being 2 to 3 years. Multi- 
variate analysis indicates that serum creatinine and calcium levels are the most significant 
indicators regarding 2-year survival. We have found monoclonal proteinuria not signifi- 
cantly more frequent with renal insufficiency than with normal renal function, renal 
insufficiency not significantly more frequent with lambda than with kappa chains, and 
survival not significantly greater with IgG myeloma than with IgA. 


Most patients with multiple myeloma have symptoms or laboratory 
evidence of significant disease at the time of diagnosis and clearly need 
to be treated. However, some patients have no symptoms and only 
moderate laboratory abnormalities, and in these cases it may be difficult 
to distinguish multiple myeloma from benign monoclonal gammopathy. 
This presents a dilemma to the clinician, because the greater the myeloma 
cell mass in a patient, the less likely a satisfactory response to chemother- 
apy. Conversely, if the patient is tolerating his disease well, one does not 
wish to burden him with the inconvenience, expense, and possible side 
effects of chemotherapy. Furthermore, it conceivably could increase the 
activity of the myeloma. In one instance a monoclonal gammopathy 
remained static for 5 years while it was untreated but then, when cyto- 
toxic drugs were given, the protein abnormality increased and the patient 
showed clear evidence of rapidly advancing malignancy. 

Patients in whom it is difficult to distinguish between multiple myeloma 
and benign monoclonal gammopathy and those who have a low-grade, 
smoldering myeloma should not be treated but should be reevaluated at 


751 


CC-0. Gurukul Kangri University Haridwar Collection. Digitized by S3 Foundation USA 


intervals of 3 to 6 months. If clinical and labora- 
in tory examinations show no progression of the disease, 
the same program of observation should be contin- 
ued without treatment. My colleagues and | have 
followed up one such patient without therapy for more 
than 10 years. In this case, an unequivocal diagnosis 
of myeloma had been made on the basis of bone- 
marrow morphology and a monoclonal serum pro- 
tein concentration of 3 g/dl; but these findings have 
not changed and other features of myeloma have not 
developed during the 12-year observation period. 


CHEMOTHERAPY 

Chemotherapy is the best initial treatment for multiple 
myeloma, unless there is disabling pain that is clearly 
the result of a well-defined focal process. If analge- 
sics together with chemotherapy can control the 
pain, chemotherapy is much preferred to repeated 
local irradiation, because the bone-marrow reserve 
of many myeloma patients is limited and irradiation 
does not benefit systemic disease. 

Alkylating Agents. Melphalan.—Melphalan (t- 
phenylalanine mustard, t-sarcolysin, Alkeran) is an 
alkylating agent with an active nitrogen mustard 
radical attached to the amino acid, L-phenylalanine. 
Synthesized in 1953 and introduced 5 years later,? 
melphalan has become well established in chemo- 
therapy for multiple myeloma.*5 

Melphalan has been used successfully in a low- 
dose continuous regimen producing objective bene- 
fit.©7 An intermittent schedule was reported superior 

= to daily therapy;® but in another study pain recurred 
= before the next cycle of therapy, and consequently 
‘the authors felt that continuous maintenance was 
eter; to intermittent therapy.® In a prospective 
Bier i study, comparisons were made between 
_ effects of (1) a loading dose of melphalan followed 
by daily oral therapy, (2) the same melphalan schedule 
pe _ Plus prednisone in a decreasing dose for 10 weeks, 
; a (3) then the same schedule of melphalan and 
rednisone plus testosterone enanthate. Melphalan 


ian eri for good-risk patients who re- 
for the prednisone-melphalan group was 


the drug of choice in treatment for 
to give it intermittently with 
benefits appear to be better 


its are necessary 
ly each day 
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equivalent to 8 to 10 mg daily, or a total dose of 
56 to 70 mg for 1 week. Prednisone in a dosage of 
15 mg four times daily is given for the same 7-day 
period. While prednisone is being given, the patient 
should have a bland diet and take antacids. The 
patient is reevaluated at 6-week intervals for con- 
sideration of further courses of melphalan and predni- 
sone. Leukocyte and platelet counts must be obtained 
prior to therapy, as leukopenia and thrombocyto- 
penia often occur. 

The subsequent courses of melphalan may need 


to be altered: if the leukocyte and platelet counts 
have not decreased, the daily dose of melphalan 
may be increased by 2 mg daily for the next 7-day 
course; whereas if the counts have clecreased, the 
dose of melphalan should be lessened accordingly. 
Renal insufficiency may be an indication for using 


a smaller dose and being cautious, for melphalan 
is excreted by the kidneys. However, we have not 
been impressed with excessive hematologic toxicity 
of melphalan in the presence of significant degrees 
of renal insufficiency. The dose of prednisone ordin- 
arily would not be altered unless the patient has an 
active peptic ulcer, severe hypertension, or uncon- 
trolled diabetes. Occasionally a patient has with- 
drawal symptoms; if so, we reduce the prednisone 
to O over a period of 4 to 5 days rather than stop it 
abruptly at the end of the 7-day course. 

The patient should be given at least three 7-day 
courses before this schedule is abandoned, unless 
it causes significant toxic reactions or the disease 
progresses rapidly in spite of clearly adequate therapy. 
Maximal improvement may not be achieved for many 
months. The appropriate duration of chemotherapy 
is unknown. In a recently reported study, 96 patients 
responding to chemotherapy at 1 year were ran- 
domized to three groups: (1) melphalan plus pred- 
nisone every 6 weeks, (2) carmustine (BCNU) plus 
prednisone, and (3) no treatment. There was no 
difference among these groups in the frequency of 
relapse, the length of remission, or the survival 
time—suggesting that chemotherapy need not be 
continued beyond the first year if the patient responds 
to treatment.!! However, we prefer to continue 
chemotherapy as long as any evidence of myeloma 
exists or unless other investigators confirm the finding 
that maintenance therapy is not needed. 

Melphalan may also be given in a daily oral dosage; 
the leukocyte and platelet counts are determined 
every 2 weeks, and the dosage of melphalan is 
adjusted to keep the leukocytes in the neighborhood 
of 3,000/mm and the platelets between 100,000 
and 150,000/mm%. 
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The major side effect of melphalan therapy is 
hematologic—that is, bone-marrow suppression. 
Nausea, vomiting, pruritus, and skin rash develop 
occasionally but are seldom significant. Pulmonary 
fibrosis has been reported in a single instance. ! 

Cyclophosphamide.—lf there is no response to 
melphalan, or if the patient responds to it and then 
becomes resistant, cyclophosphamide (Cytoxan) may 


be effective. Cyclophosphamide is an alkylating 
agent, a cyclic phosphoric acid ester derivative of 
nitrogen mustard. Oral administration of it in a dos- 
age of «g body weight daily for long periods 
has bri improvement in at least 25% of pa- 
tients nyeloma.!8 Because leukopenia and 
thrombocytopenia occur frequently, the dose is ad- 
justed eccor!ing to the leukocyte and platelet counts, 
which shoul) be determined every 1 to 3 weeks. 
Bergsage! and associates !4 reported good or partial 
responses to intermittent administration of cyclophos- 


phamide in a single intravenous dose of 1.0 g/m? or 
oral doses of 0.25 g/m? daily for 4 days in 11 of 19 
myeloma patients who had developed resistance to 
melphalan. Cyclophosphamide was administered 
every 3 weeks in both regimens. Our experience 
with intravenous administration of cyclophospha- 
mide, 600 mg/m2, plus prednisone every 6 weeks to 
patients resistant to melphalan has been less en- 
couraging: good or limited responses were obtained 
in only 16 of 38 cases (42%).15 A number of fac- 
tors—including smaller doses of cyclophosphamide 
in our series and difficulties in defining resistance 
to melphalan and in evaluating response—hinder 
direct comparisons. 

In addition to leukopenia and thrombocytopenia, 
side effects of cyclophosphamide include nausea, 
alopecia, hemorrhagic cystitis, fibrosis of the urin- 
ary bladder,1® carcinoma of the urinary bladder, 17 
and depression of ovarian?8 or testicular’ function. 

In two separate studies, the survival of patients 
treated with melphalan orally and of others treated 
with cyclophosphamide orally has not differed ap- 
preciably.?°! 

BCNU.—BCNU (1,3-bis [2-chloroethy] ]-1-nitro- 
sourea) (carmustine) has proved to be beneficial 
and appears to be almost as effective as melphalan 
for previously untreated patients.** This drug is given 
intravenously every 6 weeks in a dose of 150 mg/m?; 
and the patient needs to be seen only at 6-week 
intervals. Its major side effects include nausea, 
vomiting, and bone-marrow depression. 

Other Chemotherapeutic Agents.—First reported 
to be of benefit by Alwall?3 in 1947, urethan was 
the only chemotherapeutic agent for several years. 
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Subsequent results have been less impressive than 
the initial results, and one controlled study showed 
that orally administered urethan was not superior to 
placebo therapy statistically and that in patients 
treated with urethan the survival was actually short- 
er.” However, there is no doubt that occasionally 
patients did respond to urethan. Urethan given intra- 
venously may be of some benefit, but the results are 
not impressive and the toxic effects are significant.?5 

Other agents used for myeloma include tryptophan j 
mustard,?: 6-thioguanine,?7 a combination of 6- } 
thioguanine and azaserine,?® azathioprine (Imu- i 
ran),2° streptonigrin, procarbazine (Matulane),3° 
mechlorethamine (nitrogen mustard), triethylene- 
melamine (TEM), 6-mercaptopurine, chlorambucil,?9 
and aniline mustard.3! Although possessing some ac- 
tivity, these agents are inferior to either melphalan or 
cyclophosphamide. 

Doxorubicin (Adriamycin), used in a few cases of 
multiple myeloma, did not produce encouraging re- 
sults as a single agent.®? In another study, doses 
of 25 to 45 mg/m? of doxorubicin produced bene- 
fit in three of nine patients who had failed to respond 
to intermittent treatment with melphalan and pred- 
nisone. However, bone-marrow suppression was sig- 
nificant and the remissions were short. 

Another agent which has produced some objec- 
tive benefit in myeloma is CCNU, which has the 
additional advantage of oral administration. ?? 

Combinations of Chemotherapeutic Agents. — 
Combinations of melphalan, cyclophosphamide, 
BCNU, and prednisone, given intermittently, pro- 
duced an impressive response in one group of 20 
patients;34 and melphalan, cyclophosphamide, pred- 
nisone, BCNU, and vincristine produced a response 
in 90% of another group of 36 patients.25 Azam and 
Delamore*® also reported encouraging preliminary 
results from giving BCNU, cyclophosphamide, mel- 
phalan, and prednisone to myeloma patients who 
had ceased to respond to single-agent therapy or 
who had not been treated previously. We have been 
unable to demonstrate, in a prospective, randomized 
study, that responses to melphalan, BCNU, cyclo- 
phosphamide, and prednisone together were better 
than responses to only melphalan and prednisone 
given orally. However, survival differences may be- ea 
come apparent.*? Further evaluation of combina- 
tions of drugs in a prospective controlled fashion is 
necessary. Ga 

Addition of procarbazine to melphalan and pred- 
nisone increased the response to 59% from 48%. The = 
survival time of all patients was similar in the two regi- 
mens, as was the length of remission of respon 
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patients. Moderate nausea and skin eruptions were 
more frequent in the group given procarbazine.%7 
Thus this agent adds little to the management of 
multiple myeloma. 

The combination of doxorubicin (Adriamycin) 
and BCNU, each in a dosage of 30 mg/m? given 
intravenously every 3 to 4 weeks, reduced tumor 
cells at least 50% in 7 of 13 patients who did not 
respond to or had relapsed after treatment with 
alkylating agents and prednisone. This combination 
appears promising and further studies of it are desir- 
able. The total dosage of Adriamycin must be limited 
to 500 mg/m? because of possible cardiac toxicity.3§ 

Side Effects. Chemotherapy often produces cyto- 
penia and usually causes leukocyte and platelet 
values to be low during its use. However, progres- 
sive invasion of the bone marrow by plasma cells 
may produce pancytopenia; in this situation bone- 
marrow aspiration and biopsy are necessary to de- 
termine whether the effect is due to such invasion 
or to chemotherapy. 

Rapidly fatal acute myelomonocytic leukemia has 
developed in more than 40 patients with multiple 
myeloma who were treated with an alkylating 
agent.*° Most of them had been given melphalan, 
usually on a daily schedule; but some received it 
intermittently, and a few had been given cyclophos- 
phamide or radiation. We believe that the alkylating 
agents had a significant part in the development 
of the acute leukemia in these patients, but we can- 
not exclude the possibility that acute leukemia may 
occur during the natural course of myeloma. There 
have been several cases in which multiple myeloma 
and acute leukemia were found simultaneously. 
Although the development of acute leukemia and 
myeloma is probably related to alkylating agents, 
the incidence is extremely low and onset occurs 
only after a significant period of treatment, during 
which the patient is often in a remission he other- 
wise would not have had. There can be no question 
that the treatment of myeloma with alkylating agents 
is justified, despite the small risk of acute leukemia. 

Criteria for Response.—the effects of therapy 
should be assessed at regular intervals by deter- 
mining the concentrations of hemoglobin and of 
serum and urinary protein, examining the bone mar- 
row, and evaluating skeletal roentgenograms. Favor- 
able response to therapy can be judged by the follow- 
ing criteria: (1) increase of the hemoglobin concen- 

tration by 2.0 g/dl (without transfusion in a period of 
at least 4 weeks) from an initial value of less than 
11.0 g/dl; (2) decrease of the manecloo2) he 
protein to 50% or less of the initial value; e- 
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crease of the monoclonal urinary globulin to 50% 
or less—if the initial value was 1.0 g/24 h or more; 
(4) decrease of the number of plasma cells in bone 
marrow by 50% or more, as shown on repeated 
marrow aspirations; (5) recalcification of skeletal 
lesions and absence of new osseous lesions. 
Subjective improvement, to be recognized as sig- 
nificant, should reflect an increase of performance 


by two grades or more on the following scale of 
activity: Patient is (1) normal; (2) ambulatory, has 
symptoms, but spends less than 50% of waking time 
in bed; (3) symptomatic and spends 1 50% 
of waking time in bed; (4) comple ridden. 
The severity of pain may be graded fr: = (none 
to incapacitating; again, improvemen c grades 
to be significant). Increase in the co ion of 
the normal (uninvolved) immunog!cou )MpO- 
nents has been reported as another useful indicator 
of response.*® A proposed guideline for protocol 
studies for myeloma has been published by a Com- 
mittee of the Chronic Leukemia-Myeloma Task 


Force, National Cancer Institute. 4! 


OTHER APPROACHES TO THERAPY 

The labeling index of myeloma cells indicates the 
fraction of cells in DNA synthesis and provides an 
estimate of the growth fraction of the cell population. 
Incubation of myeloma cells after chemotherapy 
reveals a high tritiated thymidine labeling index, 
indicating that an increased proportion of cells are 
proliferating during apparent remission. An S-phase 
specific agent, vincristine, has been reported to fur- 
ther decrease the number of myeloma cells. *” 

After initial reduction of the tumor-cell burden with 
chemotherapy, the patient might be given an immuno- 
therapeutic agent such as BCG or MER (methanol- 
extractable residue of BCG). 

Plasmacytomas of BALB/c mice may be inhibited 
by anti-idiotypic antibody. Both prevention of tumor 
growth and regression of plasmacytomas may be 
seen after injection of anti-idiotypic antibodies. * 
It is conceivable that injection of anti-idiotypic anti- 
sera might be beneficial in human myeloma. 

In mice with MOPC 104E myeloma, prednisone 
and melphalan had a therapeutic effect; and BCNU, 
cyclophosphamide, and prednisone in combination 
had significant therapeutic effect but also significant 
toxicity.“ Use of this tumor system in testing other 
drug combinations may be helpful. 

Total-body irradiation has been suggested as treat- 
ment for myeloma. In a trial, 11 patients with myel- 
oma were given 150 R while 10 others received 
a conventional course of melphalan orally. The mel- 
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phalan produced better therapeutic results with less 
toxic reaction than did the total-body irradiation. * 


MANAGEMENT OF SPECIAL PROBLEMS 

Hypercalcemia.—Hypercalcemia occurs in at least 
one-third of patients with multiple myeloma. To be 
recognized, it must first be considered; and it must 
be excluded in the presence of anorexia, nausea, 
vomiting, polyuria, increased constipation, weakness, 


confusion, stupor, or coma. When hypercalcemia 
is symptomatic, treatment is urgent. Hypercalcemia 
often leads renal insufficiency, but prompt treat- 
ment oñen i; .oroves renal function. 

Becaii hydration is a common accompani- 
ment, ie cetient with hypercalcemia should be 
hydrated ine is the agent of choice, since sodium 
promotes the renal excretion of calcium. The addition 
of furosemide (Lasix), 40 mg every 4 hours, may 
be beneficiai. During diuretic therapy, the electro- 


lytes must be monitored closely. In addition to hy- 
dration and diuresis, we give prednisone in an ini- 
tial dosage of 100 mg daily. This must be reduced 
after a few days and discontinued as quickly as 
possible. Inorganic phosphate (Neutra-Phos) may 
be given with prednisone. We prescribe 150 ml oral- 
ly four times daily (equivalent to 2.0 g of phosphorus 
daily). If the patient is comatose, the inorganic 
phosphate solution can be given via gastric tube or 
rectally. If he is critically ill, inorganic phosphate 
can be given slowly intravenously. If these measures 
fail, mithramycin should be given intravenously in 
a dose of 25 pg/kg body weight. It produces its 


effect within 24 to 48 hours, but hypercalcemia often ` 


recurs after 2 or 3 days. Thrombocytopenia may 
follow, so depression of bone-marrow function is a 
relative contraindication to the use of mithramycin. 


Renal Insufficiency. —Uremia is one of the major 
causes of death in multiple myeloma. (Hypercal- 
cemia is one of its most treatable causes and has 
been discussed above.) Hyperuricemia may con- 
tribute to renal insufficiency; but for hyperuricemia, 
allopurinol provides effective therapy. If the patient 
is allergic to this drug, alkalization of the urine with 
sodium bicarbonate, 0.6 to 0.9 g three or four times 
daily, and acetazolamide (Diamox), 250 mg at bed- 
time, is effective. 

A trial of hemodialysis definitely is indicated in 
acute renal insufficiency and myeloma. We have 
had several patients in such condition who regained 
adequate renal function. We have treated eight pa- 
tients with long-term dialysis, and the results have 
been encouraging; but its use is subject to availabil- 
ity and other local circumstances. 
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Infections. —Bacterial infections are frequent in 
myeloma and sometimes fatal. Significant fever is 
an indication for appropriate cultures, roentgenog- 
raphy, and consideration of antibiotic therapy. The 
choice of antibiotics can be more specific once the 
results of the cultures are known. There is consider- 
able doubt as to the efficacy of gamma-globulin 
injections for preventing infection in myeloma. 
Occasionally we have used penicillin prophylactical- 
ly with good results in cases of multiple, recurrent 
severe bacterial infections. Use of gentamicin for 
infections in patients with multiple myeloma must 
be carefully monitored; we occasionally have seen 
a marked decrease of renal function following small 
doses of the drug. 


Neurologic Complications. —Extradural extension 
of myeloma may compress the spinal cord or cauda 
equina and thus produce progressive weakness and 
sensory loss leading to complete and permanent 
paraplegia. Although irradiation may be the best 
therapy,* the effect of ionizing radiation is rather 
slow; and if the neurologic deficit progresses during 
radiation therapy, surgical decompression is essential. 
One should not abandon consideration of therapy, 
even for the patient who is paraplegic from spinal- 
cord compression. We have seen a patient who had 
had symptoms of cord compression for more than 2 
weeks prior to surgery—and had been unable to walk 
for 4 days—recover the function of his lower extrem- 
ities after surgical decompression and radiation ther- 
apy. The ultimate prognosis should not unduly 
affect the decision to operate; patients prefer am- 
bulatory survival for only a year rather than per- 
manent paraplegia. 


Skeletal Lesions.—Skeletal lesions with pain and 
fracture are a major problem in patients with myel- 
oma. Although bone lesions are reported to heal with 
chemotherapy, we have been very disappointed in 
this regard. Frequently a brace or supporting garment 
is helpful; but avoidance of trauma is more impor- 
tant because even mild injury may result in 
multiple fractures. Nevertheless, the patient should 
be encouraged to be as active as possible, because 
confinement to bed increases demineralization of 
the skeleton. Analgesics should be given to control 
pain so that the patient can be ambulatory. Physical 
therapy also may be beneficial. Fixation of fractures 
of the long bones with an intramedullary rod and 
methyl methacrylate has given very satisfactory re- 
sults in our experience. 

We compared the effect of sodium fluoride, 50mg | 


twice daily with meals, and calcium carbonate, 1g 
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Table 1.—Bone Changes in Myeloma Patients Treated With 


Fluoride-Calcium or Placebo* 
Before After 
treatment, treatment, 
No. mean _ No. mean 
Fluoride-calcium 
Formation, % 10 3.6 12 9.0t 
Resorption, % 5 8.1 4 2.4 
Cortical thickness, mm 10 0.6 13 0.9} 
Trabecular thickness, ym 11 118.0 13 208.6+ 
WE f Osteoid width, ym 12 11.8 13 14.2t 
fy Placebo 
i Formation, % 10 2.3 9 23 
ez Resorption, % 6 5.0 5 2.9 
Cortical thickness, mm 10 1.0 10 0.7 


z Trabecular thickness, um 10 112.1 1001213 
Ka Osteoid width, ym 10 11.5 9 12.4 


*From Kyle RA, Jowsey J, Kelly PJ, et al: Multiple-myeloma bone 
disease: the comparative effect of sodium fluoride and calcium 
carbonate or placebo. N Engl J Med 293:1334-1338, 1975. By 

Í permission. 

Significance of difference from before treatment: +P<0.01; 
+P<0.05. 

four times daily 1 hour after meals and at bedtime, 
with an identical-appearing placebo regimen. All of 
the patients received melphalan plus prednisone for 
7 days every 6 weeks as basic treatment for their 
myeloma. At the end of 1 year the studies were re- 
peated and the code was broken. In bone speci- 
mens taken before and after fluoride-calcium ther- 


and trabecular and cortical thickness in the placebo 
_ group were unchanged (Table 1). Among the patients 
who had received fluoride-calcium therapy, how- 
= ever, the cortical and trabecular thickness was sig- 
= nificantly increased and resorption was significantly 
Bey decreased, Increased prominence and thickening 
RS Eo trabeculae were seen in the thoracic and lumbar 
= vertebrae in 6 of the 13 fluoride-calcium patients 
r and in the pelvis of several—but in none of the 
$ placebo group. No significant side effects developed. 
We feel that sodium fluoride and calcium supple- 
may be a useful adjunct in treatment for 
ne disease. 47 
-Anemia is a common finding in myel- 
noted eventually in almost every case. 
A hemoglobin concentration of 
. in most cases, unless there 
disease or cerebrovas- 
| reatment for the pri- 


S I L 


een disappointing 
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Psychologic Problems.—Any patient with a serious 
disease such as multiple myeloma needs substantial, 
continuing emotional support. The approach must 
be positive. The physician must have confidence 
in his ability to cope with the patient’s problems, 
and the patient should be able to sense this confi- 
dence. Potential benefits of therapy should be em- 
phasized. It reassures the patient to know that some 
persons survive for 5 years or more while receiving 
treatment. It is essential that the physicians caring 
for the myeloma patient have the interest and capacity 


to deal with incurable disease over a span of months 
to years with assurance, sympathy, and resource- 
fulness. 

COURSE AND PROGNOSIS 

Before the introduction of chemotherapy, median 
survival was between 3% and 8'2 months; but 
now median survival is between 2 and 3 years. 


For good-risk patients who respond to chemotherapy, 
a median survival of 53 months has been reported. !° 
In another study the median survival was 23 months 
in 236 patients with myeloma receiving melphalan, 
prednisone, and procarbazine while median survival 
was 21 months in 156 patients receiving only mel- 
phalan and prednisone.’ Follow-up information was 
obtained in 866 of our 869 cases of multiple myel- 
oma diagnosed between 1960 and 1971. The 
median survival was 20 months. At 1 year the 
survivorship was 66%, at 3 years 32%, and at 5 years 
18% (Fig. 1). Infection and renal insufficiency were 
the most common causes of death. 

The great variation in survival—from a few months 
to more than 5 years—makes prognosis in individ- 
ual cases a challenge. Most reports describe the 
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Fig. 1. Multiple myeloma: survival in 869 cases diagnosed 

between 1960 and 1971. (From Kyle RA, Bayrd ED: The 

Monoclonal Gammopathies: Multiple Myeloma and Related 

sma-Cell Disorders. Springfield, Illinois, Charles C 

„ Publisher, 1976. By permission.) 
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Table 2.—Multiple Myeloma: Mean Values for Five Variables 
in 2-Year Survivors and Non-Survivors* 


Dead Alive 
Parameter (N = 140) (N = 79) 

Serum creatinine, mg/dl 2.9 1.4t 
Serum calcium, mg/dl 10.3 9.6t 
Hemoglobin, g/dl 10.4 11.2t 
Serum albumin, g/dl 2.9 2.9 
Serum globulin peak, g/dl 3.6 3.5 
*From Kyle RA, Bayrd ED: The Monoclonal Gammopathies: Multi- 

ple Myeloma and Related Plasma-Cell Disorders. Springfield, 

Illinois, Charles © Thomas, Publisher. By permission. 
tSignificantly difierent (P<0.05). 
effects of individual factors but not the simultaneous 
effect of several factors. Because several prognostic 
factors usually are involved, multivariate analysis 
is necessary to assess them adequately. Two hundred 


nineteen of our cases had all parameters measured 
and were followed up for at least 2 years. Therefore, 
we divided our patients with multiple myeloma 
into two groups—those who died within 2 years 
and those who survived 2 years or longer—and we 
applied stepwise linear discriminant analysis to these 
two groups. The variables included in the analysis 
were the following: serum creatinine, serum cal- 
cium, serum albumin, size of serum globulin peak, 
hemoglobin level and leukocyte count, palpability 
of liver or spleen, presence of pain, and age. 

Serum creatinine and serum calcium levels were 
the most significant variables affecting 2-year survival. 
The hemoglobin level made a modest contribution. 
Surprisingly, the concentration of monoclonal pro- 
tein in the serum did not contribute to the predic- 
tion of survival or death within 2 years of diagno- 


sis (Table 2) and the values are almost identical in 
survivors and non-survivors. 

The distributions of initial serum creatinine and 
calcium values from the patients who were surviving 
at 2 years and from those who were dead at 2 years 
are seen in Table 3. Calcium values were less than 
10 mg/dl and creatinine values less than 2 mg/dl 
in 46% of those who had died and in 70% of those 
who survived. Of 25 patients whose initial serum 
calcium concentration was 12 mg/dl or more, only 
2 lived 2 years. Of 28 patients with initial creatin- 
ine values of 4 mg/dl or more, only 2 survived 2 
years; and of 60 with initial creatinine of 2.0 mg/dl 
or more, only 6 survived 2 years. 

Renal Insufficiency.—All of our patients with 
multiple myeloma whose creatinine or urea was 
measured initially were divided into two groups on 
the basis of normality or insufficiency of renal 
function (creatinine more than 1.2 mg/dl for males 
and more than 0.9 mg/dl for females, or blood urea 
more than 50 mg/dl for both males and females). 
The mean initial serum calcium- value from 266 pa- 
tients with renal insufficiency was significantly greater 
than that from the 327 patients with normal renal 
function (10.7 versus 9.5 mg/dl; P<0.01) (Table 4). 
Hypercalcemia (>10.5 mg/dl) was found in 39% of 
those with renal insufficiency but only 10% of those 
with normal renal function; and the serum calcium 
was 12 mg/dl or more in 24% of those with renal 
insufficiency but only 1% of those with normal renal 
function. Bence Jones proteinuria was revealed (by 
heat test) in 58% of patients with renal insufficiency 
and in 43% of those with normal renal function—a 
difference of borderline significance. 


Table 3.—Multiple Myeloma: Joint Percentage Distribution of Initial Serum Calcium and Creatinine Values From 79 Patients 
Who Survived 2 Years and 140 Who Died* 


Calcium, mg/dl 
Creatinine, 
mg/dl t <10 10 to 11.9 12 to 13.9 =14 Total 
<2 S 70 21 1 92 
D 46 1 2 61 
2 to 3.9 S 1 3 1 1 6 
D 5 6 2 19 
4 to 5.9 S 1 1 
D 1 1 6 
6 to 9.9 S 
D 5 1 1 9 
=10 S 1 1 
D 3 1 5 
Total S 73 24 1 2 100 
D 60 10 5 100 


———— En a 
*From Kyle RA, Bayrd ED: The Monoclonal Gammopathies: Multiple Myeloma and Related Plasma-Cell Disorders. Springfield, Illinois, 


Charles C Thomas, Publisher. By permission. 
+S = surviving at 2 years; D = dead at 2 years. 
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Table 4.—Multiple Myeloma: Serum Calcium and Creatinine 
(Within 1 Month of Diagnosis) and Frequency of Bence 
Jones Proteinuria in Renal Insufficiency and 
With Normal Renal Function* 


Renal function 


Parameters Insufficiency Normal 
Serum calcium, mg/dl (N = 266) (N = 327) 
Mean 10.7 9.5 
=10.5 39% 10% 
212.0 24% 1% 
Bence Jones protein (N = 299) (N = 317) 
Positive 58% 43% 
Urine, monoclonal protein (N = 80) (N = 79) 
Kappa 54% 63% 
Lambda 46% 37% 
Serum creatinine, mg/dl (N = 225) (N = 182) 
Mean 3.5 0.9 
>1.3 80% 0% 
>2.0 50% 0% 


*From Kyle RA, Bayrd ED: The Monoclonal Gammopathies: 
Multiple Myeloma and Related Plasma-Cell Disorders. Spring- 
field, Illinois, Charles C Thomas, Publisher. By permission. 


Of the patients with renal insufficiency (elevated 
creatinine or urea), 80 had a monoclonal light chain 
in the urine—kappa in 54% of them and lambda 
in 46%. Of the patients with normal renal function, 
79 had a monoclonal light chain in the urine, which 
was kappa in 63% of them (Table 4). Hence the 
presence of a single light chain class was not asso- 
ciated with an excessive incidence of renal insuf- 
ficiency. 

Kappa and Lambda Light Chains in Urine.—Al- 


‘ta = though the 64 patients with kappa monoclonal pro- 


_ tein in the urine had a lower serum creatinine 
= than the 55 with lambda, it did not differ signifi- 


excretion (Table 5). Serum creatinine was 2 mg/dl 
r more in 20% of the patients with kappa mono- 


> x fable 5 .—Multiple Myeloma: Serum Creatinine and Urinary 
obulin (Within 1 Month of Diagnosis) i in Patients 
gh Monoclonal Light Chains in Urine* 


Urinary protein 
Kappa Lambda 


mgdl (N =64 (N = 55) 
Eare 1.9 2.3 
: 29% 

(N = 53) 
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clonal protein in the urine and in 29% of those with 
lambda. We found no convincing evidence that 
monoclonal lambda protein was significantly more 
nephrotoxic than kappa. 

In an attempt to classify myeloma cases by the 
extent of disease, Durie and Salmon*® studied 71 
patients with multiple myeloma and divided them in- 
to three categories based on myeloma cell mass. 
Those with a large cell mass (>1.2 x 10!?/m?) had at 
least one of the following: hemoglobin <8.5 g/dl, 
serum calcium >12 mg/dl, IgG monoclonal compo- 


nent >7 g/dl, IgA >5 g/dl, Bence Jones proteinuria 
>12 g/day, or advanced lytic bone lesions. Those with 
the low cell mass (<0.6 x 10!%/m' ill of the 
following characteristics: hemoglobin 0.0 g/dl, 
serum calcium normal, serum IgG monoc:onal com- 
ponent <5 g/dl or IgA <3 g/dl or Bence Jones pro- 
teinuria <4 g/day, and no generalized iytic lesions 


on a skeletal survey. 
Whether the prognosis is related to the type of 
immunoglobulin abnormality is not clear. We 
found no significant difference in survival of patients 
with IgG myeloma and those with IgA myeloma 
(Fig. 2), or of those with monoclonal light chains 
of either type in the urine and those without (Table 
6). The 3-year survival was 47% among our pa- 
tients with IgG kappa myeloma and 27% among 
those with IgA lambda myeloma, but the significance 
of this difference is borderline because the number | 
of cases is small. Median survival was 31 months : 
with IgG myeloma and 28 months with IgA myeloma. 
This difference is not significant. 
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Fig. 2. Multiple myeloma: survival in 308 IgG cases and in 
123 IgA cases, with survival normally expected. Difference 
between myeloma groups was not significant. Parentheses 
enclose numbers of patients alive and under observation 
at times plotted. (From Kyle RA, Bayrd ED: The Monoclonal 
Gammopathies: Multiple Myeloma and Related Plasma-Cell 
rs. aprigi a Illinois, Charles C Thomas, Publisher, 
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Table 6.—Multiple Myeloma: Survivorship by 
Immunoglobulin Type* 


% Surviving at 


No. of Median 
Protein patients 1yr 3 yr 5yr survival 
IgG 
Kappa 223 pe 147 Ph 
Lambda 85 73 39 25 | 31 mo 
Total 308t 76 45 26 
IgA 
Kappa 79 84 40 20 
Lambda 44 70 27 16 } 28mo 
Tota! 123+ 79 36 18 
Urinary light che: 
(kappa or lambda) 95 82 43 18 
“From Kyle Bayrd ED: The Monoclonal Gammopathies: 
Multiple Myelo-na and Related Plasma-Cell Disorders. Spring- 
field, Illinois, Charles C Thomas, Publisher. By permission. 
+Patients with I5 and IgA whose light chains were not typed 
were excluded 
+Of patients with IgG or IgA in serum. 


The rate of response to chemotherapy also appears 
to affect survival. Hansen and associates*® reported 
that those patients whose monoclonal serum protein 
decreased by 0.6 g/dl or more within 2 months after 
the start of therapy had a median survival of 13 
months, whereas those who responded slowly had a 
median survival of 62 months. Others have noted 
that patients who respond rapidly (within 2 months) 
had shorter median survival as well as a shorter dura- 
tion of remission than those who responded more 
slowly.5° It appears that prognosis is poorer in pa- 
tients who respond to treatment rapidly, and this 
most likely is due to greater activity of the disease. 

Patients with plasma-cell leukemia or multiple 
myeloma have a poorer prognosis than those with a 
solitary lesion, the shorter course reflecting a greater 
generalized involvement. 
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PROGRESS IN COMPUTERIZED TOMOGRAPHY 


The Department of Diagnostic Roentgenology, Mayo Clinic, announces 
a 22-day continuing education course entitled “Progress in Computerized 
Tomography.” The course will be held on May 25, 26, and 27, 1977, 
at the Mayo Clinic in Rochester, Minnesota. The program will emphasize 
computerized tomography of the body but will also include certain as- 
pects of computerized tomography physics and economics and also 
certain aspects of computerized tomography of the head and breast. 
‘course is approved for AMA Category | credit on an hour-for-hour 
Registration fee is $200. For further information contact Patrick F. 

ly II, M.D., CT Course Director, or Robert R. planer M.D., David 


d Mayo Fondetion Rochester, Mna 55901. 
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Development of Radioimmunoassays for Prednisone 


and Prednisolone 
Application to Studies of Hepatic Metabolism of Prednisone 


SOLKO W. SCHALM, M.D.* Radioimmunoassays for measuring prednisone and prednisolone (A, corticosteroids) in 
WILLIAM H. J. SUMMERSKILL, serum have been developed. By using 6,7-°H-A, corticosteroids as tracer, rabbit anti- 

M.D. bodies against A, corticosteroid-21-hemisuccinate in bovine serum albumin, and ammo- 
GASTROENTERGLOGY UNIT nium sulfate precipitation, the assays detected less than 0.8 ng/ml of A, corticosteroid 
VAY L. W. Gm, M.D. and interassay coefficients of variation were less than 8.5%. The specificity of anti- 
GASTROGENTE eS SLQGY UNIT bodies, tested against all drug metabolites and major endogenous steroids, showed 


that only 21-glucuronic acid esters of A, corticosteroids had cross-reactivity of possible 
clinical importance. Assays were validated by measuring levels in samples of fasting- t 
state sera with or without adding known amounts of prednisolone. Measurements of 4 
serum concentrations of both prednisone and prednisolone in normal dogs and in those f 
with hepatic vascular exclusion were made after intravenous administration of prednisone. E 
Although high levels of prednisolone appeared rapidly in normal dogs, only slight amounts 
were measured in dogs with hepatic vascular exclusion, which emphasizes the importance 
of the liver in the conversion of prednisone to prednisolone, its active metabolite. 


Prednisone is the most commonly used oral synthetic glucocorticosteroid. 
Like cortisone, prednisone presumably has no anti-inflammatory activ- Fi 
ity, 2 and because conversion to prednisolone (the active metabolite) 
is complete in states of health, doses of prednisone and prednisolone 
are considered pharmacologically equivalent.*® 
Although prednisone has been used for more than 15 years, little 
information is available about its metabolism in disease or about the rela- 
tionships between pharmacokinetic measurements and therapeutic ef- 
fects. Serum prednisolone concentrations have been estimated by using a 
colorimetric method, 4 competitive protein binding assay,” and gas-liquid 
chromatography. These techniques involve several extraction and chro- 
matographic steps; thus the assays are complex, time-consuming, and not 
highly sensitive. 
The development of radioimmunoassays for prednisolone and predni- 
sone, by Colburn and Buller,®!° allows direct measurements of these 
steroids in serum and now makes it feasible to undertake metabolic and 
pharmacokinetic studies of prednisone metabolism in health and disease. 
However, only limited studies of cross-reactivity with steroid were made. 
We therefore report our development of radioimmunoassays for predni- 
sone and prednisolone. Cross-reactivity testing of antisera was extended 
| to all identified A, corticosteroid metabolites. A simple method for 
raising high-titer prednisone antibody is also described and is applied to 


This investigation was supported in part by o 3 : x 3 i 
4 h ines oo a EP om the National eValuating the role of the canine liver in converting prednisone to 


Institutes of Health, Public Health Service, and prednisolone. 


T a Grant-in-Aid from Burroughs Wellcome j sr 
| SL Fall rectoanal Ga revel E oe aoe 
Tr “Eli Li ellow and recipient of a Irave ae, P : cm F z 

M Grant Xi the Netherlands Organization for Radioimmunoassays. Reagents: Radioactive Prednisone and R 


Da Advancement of Pure Research (ZWO). Pres- olone.—Tritium-labeled prednisone (6,7-*H-prednisone 
er dress: University Hospital Dijkzigt, ae Saale neg Vers ss 7~"TI-preanisot 
© che Nanas "OM" ity 40 Cimmol) and prednisolone (6,7-3H-predr 
TOSENO ia E S a a — s 


P d {a 


40 Ci/mmol) were generous gifts from The Upjohn 
Company, Kalamazoo, Michigan, or were obtained 
from the New England Nuclear Company, Boston, 
Massachusetts. Purity was greater than 95% when 
analyzed by thin-layer chromatography (silica gel H; 
methylene chloride:dioxane:water [2:1:1, lower lay- 
er]) and by zonal scanning. A stock solution of 
radioactive steroid in 0.2 M phosphate buffer at pH 
6.5 was stored at 4°C; fresh tracer solutions for use 
in the radioimmunoassay were prepared weekly by 
i dilution with buffer to a radioactivity concentration 
H of 4,000 cpm/0.25 ml. 

l Rabbit antisera against either prednisone or prednis- 
olone were also gifts from The Upjohn Company. ®1° 
Rabbit antisera against prednisolone were subse- 
quently made by us. For immunogens, prednis- 
olone hemisuccinate was cọupled to bovine serum 
albumin by the mixed anhydride method.'! Two 
hundred thirty milligrams of prednisolone-21-hemi- 
succinate (Steraloids, Inc., Pawling, New York) was 
dissolved in 5 ml of tetrahydrofuran (dehydrated with 


i | es Al O3), 0.12 ml of tri-n-butylamine (also dehydrated) 
i pa was added, and the mixture was cooled to 10°C. 
ae Later, 0.05 ml of ethyl chloroformate was added (15 


minutes reaction time). Meanwhile, 900 mg of bovine 
serum albumin (Sigma Chemical Company, St. Louis, 
Missouri) was dissolved by stepwise additions of 40 ml 
of a mixture of water and tetrahydrofuran (1:1, vol/vol) 
at 4°C, adjusted to pH 11.0 with 35 mg of NaOH. 

~ The mixed anhydride solution was then added by 

= drops during stirring to the bovine serum albumin 
ae = solution and the reaction was left to proceed over- 
sent © night at 4°C. After being freeze-dried to remove 
_ organic solvents, the powder was reconstituted with 
0O ml of water. The prednisolone-bovine serum 


assachusetts) with three water washes and one 
stone wash. The moaye was lyophilized and 


izé jon.—The ENTONI, dissolved in 
la a s emulsified in twice its volume of 
J's comp e adjuvant (Difco Laboratories, 
A One milliliter of this mixture 
steroid) was injected intra- 
s the skin of New Zealand 


aC) was given intra- 


, 30 ml o eee was 
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of antisera (1:10 dilution with buffer) were stored at 
—20°C. About twice a month, final dilutions of 
antisera were made for use in the radioimmunoassay 
and comprised prednisone 1:150, prednisolone | 
(Upjohn) 1:400, and prednisolone II (Mayo Clinic) 
1:2,000. All were kept frozen at —20°C and were 
thawed immediately before use. 


Standards. —Prednisone, prednisolone, tetrahydro- 
cortisol, tetrahydrocortisone, 1,4-androstadien-3, 


11,17-trione, 58-androstan-3-11-diol-i 7-one, 58-an- 
drostan-3-ol-11,17-dione, cortisol, cortisone, testos- 
terone, progesterone, androstenec'ione, and dexa- 
methasone were obtained from Steraloids, Inc. Pred- 
nisone glucuronide and prednisolone glucuronide 
were kindly synthesized by Dr. Vernon R. Mattox, 
and 20-hydroxyprednisolone was synthesized from 
prednisolone with sodium boro!icride.!2 20-Hy- 
droxyprednisone was kindly donated by the Schering 
Company, Bloomfield, New Jersey, and by Merck 


Sharp & Dohme, Rahway, New Jersey. 

Stock solutions of steroids were prepared by dis- 
solving 0.1 mg in 95% ethanol to yield 50 pg/ml. 
Using charcoal-extracted human serum, diluted 1:50 
with 0.2 M phosphate buffer at pH 6.5 (CEHS 1:50), 
standards containing 0.1 ng to 10.000 ng per milli- 
liter were made, kept frozen at —20°C, and thawed 
immediately before use. The stock solutions of pred- 
nisone, prednisolone, and cortisol were checked by a 
colorimetric method using the Porter-Silber reagent 
(through the courtesy of Dr. Nai-Siang Jiang). 


Procedure.—Standard or unknown (0.1 ml, diluted 
1:50 with buffer) material was first mixed with 0.25 ml 
of tracer solution (0.2 M phosphate buffer, pH 6.5, 
containing 4,000 cpm of 3H as a tracer) by using an 
automatic pipet (Micromedic, Medical Laboratory 
Automation, Philadelphia, Pennsylvania) in 12- by 75- 
mm glass tubes (Scientific Products, McGraw Park, 
Illinois); 0.1 ml of antibody and 0.25 ml of buffer 
(0.2 M phosphate buffer, pH 6.5) were added sub- 
sequently to make a final volume of 0.7 ml. Incuba- 
tion was carried out at room temperature for 1 hour. 


Separation of free and bound tracer was accom- 
plished by precipitating bound tracer with the addition 
of 0.7 ml of a saturated ammonium sulfate solution 
(80%, wt/vol), then placing the tubes at 4°C in a cold 
room for 1 hour, and later centrifuging at 1,200 x 
g at 4°C for 25 minutes. The supernatant containing 
free tracer was decanted into a scintillation vial and 
10 ml of a scintillation solution (toluene, 1 gal., + 
butyl PBD [Beckman Primary Fluor, Irving, CA], 
28.5 gr) was added. After 18 hours in darkness, 
TRA fadigactivity was measured in a Beckman LS- 
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sitivity and specificity of assays. Note appreciable displacement of *H-prednisone by 0.8 ng/ml of prednisone 
(x) and by 0.6 ng/ml of prednisolone (e), respectively. In prednisone assay, 20-hydroxyprednisone (a) and prednisone 
glucuronide (a) show cross-reactivity; in prednisolone assay, 20-hydroxyprednisolone and prednisolone glucuronide 


Fig. 1. 
show cross-reactivity. 


250 liquid scintillation counter with an efficiency of 
about 40%, the error of counting being +2%. 

Calculation of results was based on the inclusion of 
two sets of blanks, each comprising both a diluent 
blank (containing 0.1 ml of CEHS 1:50, 0.25 ml of 
tracer, and 0.35 ml of buffer) and an antibody blank 
(containing 0.1 ml of CEHS 1:50, 0.25 ml of tracer, 
0.1 ml of antibody, and 0.25 ml of buffer). Bound 
radioactivity (in percent) was calculated by subtract- 
ing the “percent free” (= cpm in supernatant of stan- 
dard or unknown) from the 100% free (= cpm in 
supernatant of diluent blank). Bound radioactivity of 
the antibody blank (maximal binding) was normalized 
to 100%, other results being expressed as a percentage 
of this. With a displacement (standard) curve, results 
of serum analyses were calculated in nanograms per 
milliliter. 

Validation.—Fasting-state sera, presumed to be 
devoid of prednisone or prednisolone, were analyzed 
from 3 normal dogs, 3 dogs with hepatic vascular 
exclusion, 20 normal volunteers, and 32 patients with 
chronic active liver disease (CALD), with and without 
previous prednisone therapy. Those who had been 
taking prednisone had discontinued the medication 
at least 48 hours previously. In addition, known 
amounts of prednisolone (100 to 600 ng/ml) were 
added to fasting-state pooled normal serum for mea- 
surements of recovery. Also, serial dilutions of two 
human sera containing about 300 ng/ml of prednis- 
olone were assayed to determine independence of 
dilution. 
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Preliminary Application.—Three normal dogs and 
three dogs with hepatic vascular exclusion were given 
an intravenous injection of prednisone prepared in a 
concentration of 3 mg/ml of 50% ethanol; 0.2 mg/kg 
was given over 5 minutes after induction of anesthesia 
(0.5 mg of atropine, 5 ml of Innovar, and 60 to 300 mg 
of pentobarbital, intravenously). Anesthesia was 
maintained with pentobarbital. The dogs with 
hepatic vascular exclusion had undergone a porta- 
caval shunt, ligation of the hepatic artery, and cleav- 
age of all other liver attachments except hepatic 
and caval veins. All dogs received 5% glucose with 
0.9% NaCl intravenously to maintain urine outputs at 
more than 0.5 ml/min. Blood pressure and tempera- 
ture were monitored and were normal during the 5- 
hour study period. Blood samples were taken at 0, 
0.1, 0.3, 0.5, 1, 2, 3, 4, and 5 hours after prednisone 
was injected. After clotting, serum was separated by 
centrifugation and was stored at —70°C until analysis. 


RESULTS 
Sensitivity and Specificity of Assays.—The final assay 
conditions regarding buffer pH, buffer-ionic strength, 
and time and temperature of incubation were shown _ 
to be optimal for all three antibodies used. The dilu- — 
tion of antiserum bound about 45% of the tracer dose; _ 


antiserum, 1:2,800 for the prednisolone antiserum |, — 
and 1:14,000 for the prednisolone antiserum Il. With — 
these amounts of antisera, 0.8 ng/ml (40 ngi x 
serum, diluted 1:50) of prednisone and 0.6 ng/ml 


Table 1.—Cross-Reactivity of Prednisone, Prednisolone, 
Their Metabolites, and Synthetic Steroids 


Cross-reactivity, %* 


Predni- Prednis- Prednis- 
sone olone olone 
anti- anti- anti- 


body body! body II 


Drugs 
we Mt Prednisone 100 3 4 
a Prednisolone 4 100 100 
’ Metabolites 
a 20-Hydroxyprednisone 37 <1 <1 
ae ocd 20-Hydroxyprednisolone <1 6 14 
Peis Prednisone glucuronide 35 4 <1 
Prednisolone glucuronide 3 65 46 
Tetrahydrocortisone <1 <1 <1 
Tetrahydrocortisol <1 <1 <1 
1,4-Androstadien-3,11,17-trione <1 <1 <1 
5-Androstan-3,11-diol-17-one <1 <1 <1 
5-Androstan-3-ol-11,17-dione <1 <1 <1 
Endogenous steroids 
Cortisone 32 <1 <1 
Cortisol <1 18 15 
€ Testosterone <1 <1 <1 
Progesterone <1 <1 <1 
d ___ Androstenedione <1 <1 <1 
© Synthetic steroid 
= Dexamethasone <1 4 5 
y a ng/ml A, cortico- 
Be : steroids causing 50% 
ee displacement of label 
* % Cross-reactivity of compound X = _____—_— ‘100. 


ng/ml compound X 
causing 50% dis- 
placement of label 


g/ml of serum, diluted 1:50) of prednisolone 
used detectable replacements of tracer and there- 
e defined the limits of sensitivity of our systems. 
re ity of possible significance was found 
isol, 20-hydroxy derivatives of pred- 
dnisolone, and the 21-substituted 
ronides) of prednisone and pred- 
e relative amounts of pure steroids 
@ of bound tracer are given in 
of endogenous cortico- 
vatives is approximately 
s, it is larger—up to 50%. 
and “metabolites of A, 
$s-reactivity. 
ne antibodies 
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Fig. 2. Correlation among prednisolone values in 20 human 
sera by using prednisolone antibody | (Upjohn) and pred- 
nisolone antibody II (Mayo Clinic). Line represents regression 
line. 


vascular exclusion. In healthy humans and patients 
with CALD, presumably because of cross-reacting 
cortisol, very small amounts of prednisolone were 
detected (Fig. 3). Recovery of added prednisolone, 
100 to 500 ng/ml of fasting human pooled sera, in 
10 studies was 103 + 3% (mean + 1 SE). Displace- 
ment curves with serial dilutions of human sera con- 
taining prednisolone resembled the standard displace- 
ment curve (Fig. 4). 

The interassay variation, determined from 35 con- 
secutive measurements of two internal standard sera 


Prednisone Prednisolone 


A, Corticosteroid,ng/ m! by RIA 


Dog Human Dog Human 

N He N CALD Pr N He N CALD Pr 
(3) (3) (20) (16) (16) (3) (3) (20) (16) (16) 
= Fig. 3. A, Corticosteroid values in fasting-state serum from 
= normal dogs (N) and dogs with hepatic vascular exclusion 
Sais (Fl jormal human volunteers (N), and patients with 
tive liver disease with (Pr) and without (CALD) 


isl 
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100 -——__+——__+—_XH1 


aS 


60 XX 


e Standard 


o Human serum: healthy 


x Human serum: CALD 


40 


3H-prednisolone, % bound 


20 


Prednisolone,ng / ml 


Fig. 4. Similarity is shown between serial dilutions of pred- 
nisolone containing human serum and displacement curve 
made from standard solutions of prednisolone. 


with about 20 and 40% binding, respectively, was 
5.9 to 8.5% for prednisolone and 5.8 to 8.4% for 
prednisone. 

Preliminary Application.—After intravenous injec- 
tion of prednisone in normal dogs, serum prednisone 
levels rose to 407 ng/ml (range, 190 to 650) at 0.1 
hour; after 5 hours only minimal amounts (mean, 
47 ng/ml; range, 30 to 75) were detectable. 


Prednisolone 


500 Prednisone 


N 
u 
O 


100 


4, Corticosteroid ng/ml 


50 


e—eNormal (3) 
»—xHepatectomized (3) 


O 2 4 6 0 2 4 6 
Hours 

Fig. 5. A, Corticosteroid values after intravenous injection 

of prednisone into normal dogs (e) and dogs with hepatic 

vascular exclusion (x). Each point represents mean of three 

measurements. 


Prednisolone appeared in the blood soon after in- 
jection of prednisone. Mean serum prednisolone was 
335 ng/ml (range, 120 to 550) at 0.1 hour. Peak levels 
(mean, 360 ng/ml; range, 158 to 550) occurred at 0.3 
hour, after which serum prednisolone decreased 
steadily to a mean of 92 ng/ml at 5 hours (Fig. 5). 

In dogs with hepatic vascular exclusion, predni- 
sone levels decreased less rapidly from a mean of 255 
ng/ml at 0.1 hour to 82 ng/ml at 5 hours. Strikingly 
small amounts of prednisolone (70 ng/ml) were de- 
tected at 0.1 hour, indicative of slow conversion of 
prednisone to prednisolone. The mean peak level of 
serum prednisolone (116 ng/ml; range, 98 to 145) 
occurred at 3 hours. There was little decrease over 
the ensuing 2 hours (Fig. 5). 


DISCUSSION 

Our results indicate that radioimmunoassays for 
prednisone and prednisolone that are accurate for 
clinical purposes can be developed. The antibodies 
have considerable specificity for the hydroxy or keto 
group at the 11-position and the double bond at the 
1,4-position. These findings are in accord with those 
of Colburn and Buller®!° except for the larger cross- 
reactivity between prednisone and 20-hydroxypred- 
nisone found by us. 

Previous reports on the radioimmunoassay of 
prednisolone? 43-4 do not include cross-reactivity 
data for its metabolites 1215-1617 other than for 20- 
hydroxyprednisolone. In our study, cross-reactivity of 
appreciable significance was found for both the 20- 
hydroxy derivatives and the glucuronides of predni- 
sone and prednisolone; other metabolites did not 
interfere. Interference of 20-hydroxy derivatives 
of prednisone and prednisolone is unlikely to be 
quantitatively important, if our analogy with 20- 
hydroxycortisol is valid, because of the more rapid 
elimination of the 20-hydroxy derivatives.'® By con- 
trast, glucuronides of corticosteroids can be less 
readily discounted because some glucuronide may 
be present 4 hours after injection of prednisolone. 18 
Several investigators, 7+!3-!7-19.20 recognizing this prob- 
lem, have performed extraction and chromatography 
before quantitative analysis. Although cumbersome 
and time-consuming, this procedure may not increase 
accuracy because of the large coefficient of variation 
of 17%.'* Future alternatives may include performing 
radioimmunoassays in methylene chloride or ethyl 
acetate serum extracts, which do not contain 
conjugated corticosteroids, or using antibodies with 
increased specificity for the side chain. 

Cross-reactivity for cortisol is the most likely cause 
of slightly elevated prednisolone concentrations in 
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fasting-state serum from normal volunteers. How- 
ever, in patients ingesting prednisone, cortisol values 
are low throughout the 24-hour day.24? This would 
explain the absence of such cross-reactivity in fasting 
sera from patients treated with prednisone. In such 
individuals, more valid estimation of serum prednis- 
olone values can therefore be made. 

The comparative serum levels of prednisone and 
prednisolone resulting from their interconversion 
have been investigated by Colburn and associates? 
after administration of prednisone or prednisolone to 
dogs. They found that the combined prednisone and 
prednisolone areas under the serum concentration- 
time curves were similar, whichever drug was given. 28 
Conversion of prednisone to prednisolone may be 
impaired in liver failure because 11-hydroxylation is 
considered primarily a hepatic process.24 In our 
experimental canine model with maximal impair- 
ment of hepatic function (circulatory exclusion of the 
liver), there was a striking reduction in prednisolone 
concentrations after intravenous administration of 
prednisone, and the small but sustained appearance 
A of prednisolone was probably due to its production in 
extrahepatic tissues.2425 However, in patients with 
severe CALD who were studied by a similar method, 
the relatively minor changes in prednisone metab- 
olism detected by us?® suggest that severely impaired 
conversion may occur only with very extensive 
hepatic damage. 
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f 
; 
The incidence of anemia in 259 patients with a diaphragmatic hernia large enough to be j 
seen on a routine chest roentgenogram was compared with that in 259 age- and sex-matched à 
controls. Eighteen patients with diaphragmatic hernia were anemic, compared to one H 
control subject (P<0.001). In thirteen patients with diaphragmatic hernia and in one control 

the anemia was proven to be caused by iron deficiency. The findings provide additional 

evidence that a large diaphragmatic hernia can cause anemia secondary to chronic gastro- 

intestinal blood loss, which is usually not the result of reflux esophagitis. 


l 

g 

| 
Anemia caused by gastrointestinal blood loss has often been observed in 
patients who have large diaphragmatic hiatus hernias.'*> In a review of 
eight series including 1,305 patients with diaphragmatic hernia, 20%'were 
anemic.® However, none of these reports included controls without 
diaghragmatic hernia, which is a common condition, especially in older 
persons. For example, Wolf and associates’ found a medium or large 
diaphragmatic hernia in 19% of patients 60 years of age or more under- 
going routine barium meal examination. Most anemic patients with dia- 
phragmatic hernia do not have endoscopic evidence of esophagitis. 5:6-8 
Winans? therefore questioned whether anemia really is commoner in 
patients with diaphragmatic hernia, concluding that a diaphragmatic 
hernia is not in itself an adequate explanation for anemia. To try to 
answer this question, the present work was undertaken. The aim was to 
compare the incidence of anemia in patients with large diaphragmatic 
hernias and matched controls. Unlike previous studies, patients were 
selected by a method that did not take gastrointestinal symptoms into 
account, so as to encompass a wider population of patients with dia- 
phragmatic hernia than those usually seen in the Division of Gastro- 

a 


enterology. 


METHODS 
The study extended from January 1973 to December 1975. All Mayo 
Clinic outpatients whose routine chest roentgenograms (Fig. 1) showed a 
diaphragmatic hernia but no other abnormalities were included. A control 
patient of the same sex and within 5 years of the same age, whose routine 
chest roentgenogram was normal, was matched with each patient with ee 
diaphragmatic hernia. The controls were selected so as to include pro- bp 
portions of patients newly registered and of those seen in previous years D 
similar to those in the group with diaphragmatic hernia. The routine chest §_— 
roentgenogram request form contains no clinical information and none 
was available at the time the patients and the controls were selected. 
Advantage was taken of the fact that patients having a routine 
roentgenogram almost always have a routine blood count at the sa 
time, before the result of the chest roentgenogram is available. Only 
patient, a control, had to be replaced in the series because no blood co 
was done. The charts of these patients were examined at the conclusio ; 
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Fig. 1. Chest roentgenograms showing diaphragmatic hernias 
in two patients with iron deficiency anemia. 


the study. When anemia was present, further infor- 
mation about it was taken from the chart. 

Anemia was defined as existing when the hemo- 
globin level was less than 10 g/dl in women or 12 g/dl 
in men. Iron deficiency was considered proven if 
the serum iron-binding capacity was 5% saturated or 
less or if saturation was 6 to 15% in the presence of 
reduced stores of bone marrow iron or documented 
correction of anemia with iron therapy.’ The red 
morphology also had to be consistent with iron 
ciency. One patient with diaphragmatic hernia 
trols, all of whom had anemia of other 


cell 
defi 


Piss nae. Jee =: 


recognized cause (leukemia, thalassemia, and Whip- 
ple’s disease), were excluded. The significance of 
controlled observations was calculated by the chi- 
square test. 


RESULTS 

Eighteen of 259 patients with diaphragmatic hernia 
(6.9%) were anemic at the time of study compared 
with 1 of 259 controls (0.4%), P<0.001. Mean hemo- 
globin level in the anemic patients with diaphragmatic 
hernia was 8.7 g/dl. In 13 anemic patients with 
diaphragmatic hernia and 1 control, the anemia was 
proven to be caused by iron deficiency. Two other 
anemic patients with diaphragmatic hernia probably 
had iron deficiency with iron saturatic i 6% and 
8%, and three anemia patients were not further 


investigated. 


Iron deficiency anemia may be intermittent. Nine 
more patients with diaphragmatic hernia with normal 
hemoglobin levels at the time of study had docu- 


mented iron deficiency anemia on a previous clinic 
visit, compared with no documented iron deficiency 
anemia in the controls. Twenty-one (8.1%) of the 
259 patients with diaphragmatic hernia were taking 
iron medication at the time of study, compared with 
4 (1.5%) controls. 

The diagnosis of diaphragmatic hernia by chest 
roentgenogram was generally correct. Upper gastro- 
intestinal roentgenograms confirmed the presence of 
diaphragmatic hernia in 173 (66.8%) of 259 cases 
and showed no diaphragmatic hernia in 2 (0.8%) 
patients (neither of whom were anemic); roentgeno- 
grams were not done in the remaining 84 (32.4%) 
cases. 

The exact origin of blood loss in the iron deficient 
patients with diaphragmatic hernia could rarely be 
determined. Three had a history suggesting gastro- 
esophageal reflux, six had nonspecific symptoms 
such as chest discomfort or fullness after large meals, 
and four had no gastrointestinal complaints. Only 
one had had melena within the previous month. 
Upper gastrointestinal roentgenograms showed only a 
paraesophageal or sliding diaphragmatic hernia in 10 
anemic patients, 1 of these having the entire stomach 
above the diaphragm. Besides the diaphragmatic 
hernia, roentgenograms showed a postcricoid web, a 
pharyngoesophageal diverticulum, and a duodenal 
bulb deformity in one patient each. On fiberoptic 
upper gastrointestinal endoscopy, two esophageal 
ulcers were found in a patient with a Barrett esopha- 
gus, mild esophagitis was found in one patient, and 
there was no mucosal abnormality in three. Colon 
roentgenograms in 11 patients, small bowel roent- 
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genograms in 4, and surgical exploration in 3 failed to 
reveal any other source of chronic blood loss. 
Retrospectively, chart review produced evidence of 
esophageal reflux symptoms in 33 of 259 patients 
with diaphragmatic hernia but in only 16 controls; 
but this difference was thought to be partly caused by 
a more persistent search for symptoms once a 
diaphragmatic hernia had been found. 


The patients in this study were generally attending 
the clinic for routine physical examinations or non- 
urgent medica! disorders. Their average age was 69 
years (range, 32 to 89) and 74% were women. The 
most frequent diagnoses, other than diaphragmatic 
hernia, included degenerative arthritis, hypertension, 
cataracts, prosiatic hypertrophy, tension headaches, 
and obesity. 

DISCUSSION 


This study showed that anemia, usually of iron de- 
ficiency type, was 18 times commoner in patients 
with large diaphragmatic hernias than in control sub- 
jects. This association suggests that diaphragmatic 
hernia causes anemia. Chronic gastrointestional 
blood loss was demonstrated in anemic patients with 
diaphragmatic hernia by Holt and associates,®> who 
showed a mean daily blood loss of 15 ml, compared 
with 3 ml/day in those without anemia. Mean ab- 
Sorption of an oral iron dose was 39% in their anemic 
patients with diaphragmatic hernia and 8% in those 
without anemia, so impaired iron absorption was not 
a contributory factor. 

The cause of gastrointestinal blood loss in patients 
with. diaphragmatic hernia is often assumed to be 
reflux esophagitis but this is probably incorrect. Most 
anemic patients in the present series had no 
esophageal reflux symptoms, and most anemic pa- 
tients with diaphragmatic hernia had no endoscopic 
evidence of esophagitis.5-§8 Conversely, anemia 
resulting from chronic blood loss is unusual in pa- 
tients who have gross esophagitis. The suggestion of 
Windsor and Collis® that bleeding occurs from 


mechanical trauma to the gastric mucosa within the 
hernial sac seems reasonable but is rarely substanti- 
ated by endoscopic demonstration of a lesion of the 
gastric mucosa. 

Further evidence that the hernia causes the anemia 
is the response to surgery. Diaphragmatic hernia re- 
pair usually prevents recurrence of the anemia®%-11 
and reduces occult blood loss. Many of these elderly 
patients are poor surgical candidates but the anemia 
can also be corrected by oral iron therapy.® 

The finding of a large diaphragmatic hernia in a 
patient who has iron deficiency anemia indicates 
that the cause of the anemia has probably been found 
and that a further extensive search for another cause of 
blood loss is unlikely to be rewarding. Roentgeno- 
graphic examination of the lower gastrointestinal 
tract would be reasonable but exploratory laparotomy 
generally is unnecessary. 

The findings in the present study cannot be extrap- 
olated to patients who have small hernias, which, 
clinical experience suggests, are rarely associated 
with anemia caused by chronic blood loss. 
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Encephalopathy Without Fatty Liver 


The relationship between Reye-Johnson syndrome and acute encephalopathy without 
fatty liver was investigated by comparing the lipid composition of liver samples obtained 
from five patients with Reye-Johnson syndrome, two patients with acute encephalopathy, 
A and five controls. The mean total hepatic triglyceride concentration was increased nearly 
f sevenfold in Reye-Johnson syndrome and slightly decreased in acute encephalopathy when 
compared with the mean control value. The mean total hepatic free fatty acid concentra- 
tion was increased nearly threefold in acute encephalopathy when compared with the 
mean value in Reye-Johnson syndrome. Total phospholipid content was decreased in 
the liver in Reye-Johnson syndrome, and this difference was caused mainly by a diminution 
_of the hepatic lecithin fraction. The ratio of palmitic acid to oleic acid in hepatic free fatty 
acids was 2.5 in Reye-Johnson syndrome, 0.7 in acute encephalopathy, and 0.8 in controls. 
These results suggest that, despite clinical similarities and laboratory evidence of hepatic 
dysfunction in both Reye-Johnson syndrome and acute encephalopathy, different path- 
ogenic mechanisms may be responsible for the liver abnormalities found in the two syn- 
dromes. 


_ The association of acute encephalopathy with fatty changes in the viscera 
= was described as a distinct syndrome of childhood simultaneously in 1963 
-by Reye, Morgan, and Baral! in Australia and by Johnson, Scurletis, and 
‘a’ Carroll? in the United States. Although the fatty changes have been found 

: EA kidney, pancreas, spleen, heart, and skeletal muscle, the most striking 
l involvement usually occurs in the liver. Reye and his associates! de- 
“scribed uniform and complete fatty change throughout the liver and noted 
at “. . .every cell in every lobule is packed with fatty droplets.” Since 
Br. n, a grossly fatty liver has been considered an essential pathologic fea- 

: ture in Reye-Johnson syndrome. However, in 1972 Glasgow and as- 
‘ sociates® reported on two patients who had acute encephalopathy and 
abi oratory evidence of hepatic dysfunction compatible with feuaennson 


ee at the lobular ee Glasgow and as- 
ed that these cases represented examples of a mild stage in 
it of fatty liver in Reye-Johnson syndrome but provided no 
t ipid composition of liver to support this contention. 
orts of quantitative analyses of hepatic lipids in Reye- 
ave bee few and lack agreement. A pronounced 
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Table 1.—Clinicopathologic and Laboratory Data From Seven Patients With Reye-Johnson Syndrome and From Two Patients 
With Acute Encephalopathy Without Fatty Liver 


Cerebrospinal fluid 


Blood 
Age, SGOT NH, Cellst Protein Sugar Fatty 
Patients* yr Prodrome (U/liter) (g/dl) (per mm) (mg/dl) (mg/dl) liver Comments 
1 15 URI+ 133 410 Yes Exchange transfusion 
2 9 URI 1,292 88 NG dies Yes CPK,# 34,000 
3 8 Varicella 279 162 4L, 1P 55 Yes Exchange transfusion 
4 1€ URI 224 217 3L, 1P 12 80 Yes Exchange transfusion 
5 9 URI 834 690 OL, OP 41 38 Yes Peritoneal dialysis; blood sugar, 26 
6 } Varicella 674 101 Yes Peritoneal dialysis; blood sugar, 
43; CPK, 3,700 
7 14 Vomiting 1,638 137 3L, OP 12 73 Exchange transfusion; survived 
8 14 URI, abdominal 2,036 297 2L, OP 31 80 No 
pain 
9 1 Gastroenteritis 3,213 151 2L, OP 22 81 No Shigella flexnerii cultured from 


stool 


*All patients were in coma; all but no. 7 (who survived) had cerebral edema. 


tL = lymphocytes; P = polymorphonuclear leukocytes. 
+URI = upper respiratory infection; CPK = creatine phosphokinase. 


We report here the results of quantitative analyses 
of hepatic lipids in five patients with Reye-Johnson 
syndrome, in two patients with acute encephalopathy 
without severe fatty changes in liver, and in five con- 
trols. Differences were found in concentrations of 
triglycerides, phospholipids, and free fatty acids and in 
fatty acid profiles of the triglyceride and free fatty acid 
fractions. These results provide evidence against the 
assumption that acute encephalopathy represents a 
forme fruste of Reye-Johnson syndrome and suggest 
that different pathogenic mechanisms may be respon- 
sible for the liver abnormalities observed in the two 
syndromes. 


MATERIALS AND METHODS 

Selection of Patients. —A presumptive diagnosis of 
Reye-Johnson syndrome was made on nine children 
seen at the Mayo Clinic during a 15-month period 
from January 1974 through March 1975. Criteria 
used for diagnosis included: (1) acute encephalopathy 
characterized by rapid deterioration of the level of 
consciousness and often preceded by a prodromal 
illness, (2) lack of cerebrospinal fluid pleocytosis, and 
(3) laboratory evidence of hepatic dysfunction, in- 
cluding elevated blood ammonia and SGOT values. 
One patient survived and eight patients died, despite 
treatment that included peritoneal dialysis and ex- 
change transfusions. At autopsy, cerebral edema, 
absence of central nervous system infection, and 
severe fatty changes in the liver confirmed the diag- 
nosis of Reye-Johnson syndrome in six of the eight 
patients. In the remaining two patients, the liver ap- 
peared grossly normal at postmortem examination. 


Clinicopathologic and laboratory data from the nine 
patients are shown in Table 1. The two patients with 
acute encephalopathy and absence of fatty liver are 
described in more detail. 


Case 1.—A 14-year-old boy was admitted to the hospital 
in coma. He had been well until 5 days before admission, 
when he developed fever, cough, headache, and abdominal 
pain. His father and one sibling were reportedly also sick 
with “the flu.” Four days before admission, the patient 
vomited but, on the following day, he improved and was 
able to attend school. On returning home he complained 
of abdominal pain, and fever recurred. Vomiting became 
protracted, and he appeared lethargic. Two days before 
admission he became delirious. 

On admission, he was hyperpneic and exhibited decere- 
brate posturing with bilateral extensor responses to plan- 
tar stimulation. Lumbar puncture yielded cerebrospinal 
fluid containing 2 lymphocytes per mm, a protein concen- 
tration of 31 mg/dl, and a sugar concentration of 80 mg/dl. 
The SGOT value was 2,036 U/liter and the blood ammonia 
value was 297 yg/dl. He developed respiratory arrest and 
his pupils became unreactive to light. He died 9 days after 
his illness began. At autopsy, there was cerebral edema and 
herniation of the cerebellar tonsils. The liver appeared 
normal on gross examination. Microscopic sections of the 
liver stained with Oil Red O showed mild infiltration with 
small neutral lipid droplets that were distributed preferen- 
tially among hepatocytes at the lobular periphery. 

Case 2.—A 1-year-old boy was admitted to the hospital in 
coma. He had been well until 6 days before admission, 
when he developed vomiting and diarrhea. Four days later 
he was admitted to a local hospital, where he was found to 
be febrile and lethargic and had focal twitching of the left 
eye and left foot. His condition deteriorated rapidly and he 
became unresponsive to painful stimulation, Respirations 
were described as Cheyne-Stokes t d hi i 
came dilated and fixed yesan his pupils be- 

xed. Cerebrospinal fluid examination 
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_ showed 2 lymphocytes per mm3, a protein concentration of 
22 mg/dl, and a sugar concentration of 81 mg/dl. The SGOT 

K> value was 3,213 U/liter and the blood ammonia value was 
= 151 gdl. He died 1 hour after he was transferred to Mayo 
Clinic. At autopsy, there was cerebral edema and herniation 
of the cerebellar tonsils. The liver was grossly normal but 
nae microscopic examination of sections stained with Oil Red O 
F _ demonstrated moderately severe fatty changes predominat- 
= ingat the lobular periphery. Shigella flexnerii was cultured 
we from stools. 


Liver samples from seven of the nine patients were 
ed at autopsy and stored at —12°C for subse- 
nt lipid analyses. Tissue was not available from 
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Reye - Johnson Syndrome (n=5) 
Acute Encephalopathy (n=2) 


[J Controls (n=5) 


SY 


‘MSS 


NNA 


Free Fatty Acids 


Phospholipids 
P<0.01 


Fig. 1. Hepatic lipid profiles in Reye-Johnson syndrome, in acute encephalopathy, and in controls. 


and triglycerides as described by Ellefson and Cara- 
way’; free fatty acids by the method of Dole’; and 
total phospholipids by the formation of molybdenum 
blue after oxidative digestion with 70% HCIO,:10 N 
HSO, (1:9, vol:vol), using a modification’ of the 
Gomori? method. Neutral lipids were separated by 
thin-layer chromatography on silica gel H using hex- 
ane:diethyl ether:acetic acid (60:12:1, vol:vol:vol) as 
developing solvent system. Free fatty acids were 
eluted from silica gel with diethyl ether:methanol 
(9:1, vol:vol) and methylated directly with diazo- 
methane” for analysis by gas chromatography. Tri- 
glycerides were separated and eluted from silica gel 
similarly and were saponified, and the resultant fatty 
acids were methylated with diazomethane for analysis 
by gas chromatography. Chromatographic separation 
was accomplished using a 2-meter column packed 
with 15% diethyleneglycol succinate on 80/100 
Chromosorb W (AW) at 185°C with helium as carrier 
gas. Fatty acid methyl esters were identified in chro- 
matograms by comparing retention times with known 
standards and were quantitated by planimetry. 


Individual phospholipid fractions were separated by 
ayer chr: 


omatography on silica gel H, using 


si 


E "Values for fatty acids are given as percent of total. 
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Table 2.—Hepatic Lipids in Reye-Johnson Syndrome and in Acute Encephalopathy Without Fatty Liver* 


Patient Diagnosis Cholesterol 
2 Reye-Johnson syndrome 13.9 
3 Reye-lohnson syndrome 15.3 
4 Reye-!ohnson syndrome 22.1 
5 Reye-Johnson syndrome 27.3 
6 Reye-johnson syndrome 14.4 

Mean 18.6 

SD 5.9 

8 Acute encephalopathy 9.9 
9 Acute encephalopathy 13.8 
10 Cardiac arrest 17.2 
11 Car accident 10.4 
12 Meningoencephalitis 8.7 
13 Cardiac arrest 14.4 
14 Brain hemorrhage 16.5 
Mean 13.4 

SD 3.7 


“Values are given as mol/g of fresh liver. 


Triglycerides Free fatty acids Phospholipids 
119.1 17.6 28.7 
125.2 12.5 26.8 
128.3 15.6 28.2 
261.2 14.9 27.0 
230.8 6.2 22.0 
172.9t 13.4 26.5t 

67.7 44 2.6 
17.4 52.0 26.8 
14.2 21.8 30.1 
15.3 18.0 35.2 
27.8 8.5 29.9 
4.2 8.9 49.0 
50.6 69.5 40.6 
34.5 33.3 34.0 
26.5t 27.5 37.7+ 
17.8 25.4 7.4 


+P<0.01, comparing Reye-Johnson syndrome group (patients 2 to 6) with control group (patients 10 to 14). 


developing solvent system, were eluted from silica gel 
with methanol:hydrochloric acid (99:1, vol:vol), and 
were quantitated by the same method used for deter- 
mining total phospholipids. Phospholipid fractions 
were identified on thin-layer chromatograms by com- 
paring chromatographic mobilities with commercially 
available standards and by using spray reagents and 
colorimetric reactions, as previously described. ™ 


RESULTS 
The results of total cholesterol, triglyceride, free fatty 
acid, and phospholipid determinations in liver tissue 
from patients with Reye-Johnson syndrome and acute 
encephalopathy, and from controls are shown in 
Figure 1. 

Total Cholesterol.—The mean concentration for 
total hepatic cholesterol was slightly higher in Reye- 


Johnson syndrome and lower in acute encephalopathy 
when compared with the mean control value (Table 
2). These differences, however, were not statistically 
significant. 

Triglycerides. —The mean liver triglyceride concen- 
tration was markedly elevated in Reye-Johnson syn- 
drome and averaged nearly seven times the mean 
triglyceride content found in control liver tissue (Table 
2). On the other hand, the mean triglyceride value in 
acute encephalopathy livers was lower than that found 
in the control livers. 

The percentage distribution of specific fatty acids in 
the triglyceride fractions is shown in Table 3. The 

ratio of palmitate to oleate was 2.5 in acute encepha- 
lopathy, 1.2 in Reye-Johnson syndrome, and 0.7 in 
controls. 


Table 3.—Fatty Acid Composition of Hepatic Triglycerides in Reye-Johnson Syndrome, in Acute 
Encephalopathy, and in Controls* 


ray cid C chain Reye-Johnson syndrome Acute encephalopathy Control 
length:unsaturated bonds) Patient 4 Patient 6 Patient & Patient 9 Patient 11 Patient 13 
Caprylic (8:0) “nr Te Trace P 
Capric (10:0) 5.8 1.3 5.7 aS 
Lauric (12:0) 44 3.3 2.2 2.5 0.8 moca 
Myristic (14:0) 9.0 6.6 4.4 5.0 4.7 J 
Palmitic (16:0) 23.0 24.3 39.4 49.4 29.9 
Palmitoleic (16:1) 12.8 13.9 7.3 47 
Stearic (18:0) 1.2 2.4 3.6 
Oleic (18:1) 15.2 27.3 23.4 
Linoleic (18:2) 7.6 73 A2 
Linolenic (18:3) Trace x 
Arachidic (20:0) BE 
Arachidonic (20:4) Trace Ean 
Unidentified 20.9 13.7 


Sa 
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-E Table 4.—Hepatic Free Fatty Acids in Reye-Johnson Syndrome, in Acute Encephalopathy, and in Controls* 
T 
E a cidicarbon chain Reye-Johnson syndrome Acute encephalopathy Control 
f length:unsaturated bonds) Patient 4 Patient 6 Patient 8 Patient 9 Patient 11 Patient 13 
a Caprylic (8:0) TA Bee <i 
Capric (10:0) 5.0 Trace Trace ae is 
j Lauric (12:0) 2.5 Sr 0.4 Trace 1.1 Trace 
1 Myristic (14:0) 5.0 Trace W433 1.5 2.8 2:3 
Hp, Palmitic (16:0) 45.0 55.0 22.9 34.1 19.9 42.7 
g Palmitoleic (16:1) 2.5 5.0 57 3.7 Zal 4.7 
HE: Stearic (18:0) 12.5 15.0 7.9 7.4 6.6 25 
Oleic (18:1) 20.0 20.0 39.2 41.5 29.0 SA 
Linoleic (18:2) 7.5 5.0 21.1 11.9 15.0 4.2 
Linolenic (18:3) Trace BAe 0.7 
Arachidic (20:0) 1.4 
Arachidonic (20:4) 7.8 
Unidentified 1.3 8.6 


* Values for free fatty acids are given as percent of total. 


Free Fatty Acids.—The mean free fatty acid concen- 
tration in liver tissue from patients with acute encepha- 
lopathy was nearly three times that found in Reye- 
Johnson syndrome liver tissue (Table 2). The ratio of 
palmitic acid to oleic acid in hepatic free fatty acids 
was 0.7 in acute encephalopathy, 2.5 in Reye-Johnson 
syndrome, and 0.8 in controls (Table 4). 

Phospholipids. —The mean total hepatic phospho- 
lipid concentration was low in both Reye-Johnson 
syndrome and acute encephalopathy compared with 
the mean control value (Table 2); however, the differ- 
ence was statistically significant only between Reye- 
_ Johnson syndrome and controls. 

The results of quantitative analyses of individual 
= phospholipids are shown in Table 5. The percentage 
distribution of the three major phospholipid fractions, 
_ lecithin (phosphatidy! choline and phosphatidyl ser- 


TE 


erine; PE = phosp 


ine), phosphatidyl ethanolamine, and sphingomyelin, 
was similar among livers from patients with Reye- 
Johnson syndrome and acute encephalopathy and 
from controls. However, when results were expressed 
in absolute molar values, lecithin content was lower 
in Reye-Johnson syndrome than in controls. 


DISCUSSION 

Fatty Liver in Reye-Johnson Syndrome. —Fatty liver is 
an essential but nonspecific pathologic feature of 
Reye-Johnson syndrome. It may occur also in a variety 
of clinical and experimental conditions including 
intoxications (for example, carbon tetrachloride, 
phosphorus, amatoxins, aflatoxins, hypoglycin A, 
orotic acid, and ethionine), nutritional deficiencies 
(for example, kwashiorkor and alcoholism), and cer- 
tain disorders of amino acid metabolism. In contrast 


Table 5.—Hepatic Phospholipids in Reye-Johnson Syndrome, in Acute Encephalopathy, and in Controls* 


Phospholipidt 


Lecithin PE SPM LPC DPG PG PA UPL 
50 8 1 0 1 1 0 
7 3 3 1 (0) 0 

9 1 2 2 (0) 13 

9 0 12 1 (0) 3 

5 1 1 1 1 (0) 

7 2 1 2 1 4 

7 5 4 2 4 3 

5 2 4 1 2 0 

6 1 2 3 1 3 

6 5 5 4 3 5 

5 3 4 4 3 0 

6 3 0 3 1 4 

hatidy! ethanolamine; SPM = sphingomyelin; LPC = 


yl glycerol; PA = phosphatidic acid; UPL = unidentified 
‘averaged 88% of total hepatic phospholipids. 
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to the situation in the conditions mentioned, in Reye- 
Johnson syndrome the etiology of fatty liver is un- 
known. Ina few cases an association with aflatoxins, 2 
pteridines,! and isopropyl alcohol'* has been re- 
ported but in most patients with Reye-Johnson syn- 
drome no exogenous toxin has been found. Recent 
reports of short-chain fatty acidemia !5 and of the exis- 
tence of circulating endotoxins, !® presumably derived 
from intestina! bocteria, suggest that endogenous 
toxins may play <n etiologic role in some patients 
who have Re vo-}o.nson syndrome. 


Histochens: iudies!7 have shown increased 
levels of neutra! iisids in the livers of patients with 
Reye-Johnson syndrome. The neutral lipid deposits 
appear usual!y as :nicrodroplets that neither displace 
the nucleus nor distort the hepatocyte architecture. A 
similar morphology has been described in tetracycline 
hepatotoxicity and in the fatty metamorphosis of preg- 
nancy. The appearance is different from that seen in 
other conditions associated with fatty liver, in which 
large lipid droplets often coalesce to form “lakes” that 
distort the hepatocyte. The significance of these histo- 
logic differences is not known. 


Lipid analyses of fatty livers in patients with Reye- 
Johnson syndrome have shown a high triglyceride 
content. Norman and associates‘ reported hepatic 
triglycerides to be increased nearly threefold in Reye- 
Johnson syndrome. We found hepatic triglycerides to 
be increased nearly sevenfold in Reye-Johnson syn- 
drome. Total hepatic cholesterol, free fatty acids, and 
phospholipids were not increased in our patients. 
These findings indicate that triglycerides account for 
most, if not all, of the lipid increment detected histo- 
chemically in the livers of patients with Reye-Johnson 
syndrome. 


Total phospholipids were decreased significantly in 
livers of our patients with Reye-Johnson syndrome. 
This observation agrees with the data provided by 
Norman and associates* and by Pollack and as- 
sociates.® Hepatic total phospholipids are decreased 
in carbon tetrachloride poisoning and in d-galactos- 
amine-induced fatty liver in rats.!8 Lipoprotein for- 
mation and fatty acid oxidation seem to be influenced 
by the hepatic phospholipid concentration.'* The 
fatty liver in Reye-Johnson syndrome may result from 
impaired triglyceride secretion into plasma or from de- 
creased oxidation of fatty acids from hepatic triglyc- 
erides. 

Quantitative analysis of individual phospholipid 
fractions indicated that hepatic lecithin was decreased 
to a greater extent than other phospholipids in Reye- 
Johnson syndrome. Lecithin is an important constitu- 
ent of biomembranes.'® Ultrastructural studies?° 
have shown abnormalities of mitochondria in the 
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livers of patients with Reye-Johnson syndrome. It is 
possible that these mitochondrial changes may be re- 
lated to a decreased content of lecithin in mitochon- 
drial membranes. Fatty acid oxidation is exclusively 
a mitochondrial process which, if impaired, might 
lead to the development of fatty liver in Reye-Johnson 
syndrome. i 

The fatty acid composition of hepatic triglycerides 
and free fatty acids was studied in two patients with 
Reye-Johnson syndrome, in two patients with acute 
encephalopathy, and in two controls. Palmitic acid 
was the most abundant free fatty acid found in the 
livers of patients with Reye-Johnson syndrome, where- 
as oleic acid predominated in acute encephalopathy 
and in control patients’ livers. In addition, the percent- j 
age of hepatic distribution of other saturated fatty 4 
acids, was increased in one of the cases of Reye- 
Johnson syndrome when compared with that in acute 
encephalopathy and in controls. 

The fatty acid composition of hepatic triglycerides, 
on the other hand, showed less striking differences 
in Reye-Johnson syndrome as compared with that in 
control patients. Oleate was the predominant triglyc- 
eride fatty acid in control patients’ livers. The ratio 
of oleate to palmitate was nearly equal in Reye- 
Johnson syndrome, whereas palmitate was the pre- 
dominant fatty acid in hepatic triglycerides from 
patients with acute encephalopathy. 

These fatty acid profiles, although obtained from a 
limited number of samples, suggest that the relative 
hepatic distribution of saturated and monoenoic fatty 
acids may differ significantly in acute encephalopathy 
and in Reye-Johnson syndrome. 

We were particularly interested in demonstrating 
increased amounts of short-chain fatty acids in liver 
samples obtained post mortem from patients who had 
Reye-Johnson syndrome. Preliminary studies using 
trimethylsilyl?! derivatives failed to show any accu- 
mulation of short-chain fatty acids in our material. 
According to Trauner and her associates, !§ short-chain 
fatty acidemia is an early and transient phenomenon Bi 
in Reye-Johnson syndrome. If similar changes are re- $ 
flected in tissue such as liver, short-chain fatty acids 
may not be demonstrable in postmortem samples. 22 

Acute Encephalopathy Without Fatty Liver. —A mild 
to. moderate increase in stainable neutral lipid in liver 
tissue from Glasgow and associates’? patients and in i 
our own material from patients with acute encepha- 
lopathy without fatty liver suggested that such cas i 
might represent a forme fruste of Sa 
drome. But the 
ported here do ni 
was no incre 


acute encephalopathy when compared with Reye- 

} Johnson syndrome. 

i. Sequential liver biopsies indicate rapid reversibility 

of the fatty changes in patients with Reye-Johnson 
| syndrome who survive.2° The patient reported by 
f Glick? as an example of Reye-Johnson syndrome 
H without fatty liver is difficult to accept because liver 
IS biopsy was done on the sixth hospital day when the 
ii patient was clinically recovered. It is possible that 
fatty liver also was present in Glasgow and as- 
sociates’* cases and in our two patients with acute 
encephalopathy but that the condition had reverted to 

f normal by the time the liver was examined. However, 
no evidence is available at present to indicate that 
fatty changes in liver are reversible in fatal cases of 
Reye-Johnson syndrome. 

i The discrepancy between the histologic findings of 
mild to moderate increase in stainable neutral lipid 
and the absence of increased triglyceride content in 
liver tissue from patients with acute encephalopathy 
remains unresolved. A considerable amount of neu- 
tral lipid exists in normal liver tissue that fails to stain 
with routine neutral lipid dyes. It has been suggested 

a: that this lipid is bound to proteins, forming lipoprotein 

TEn complexes that are inaccessible to neutral lipid stains. 

Dissociation of lipoprotein complexes would release 
the lipid and render it accessible to neutral lipid stains 
without any actual increase in tissue lipid content.?4 

The possibility also exists that increased stainable 

neutral lipid without concomitant increased triglyc- 

eride content may be a postmortem artifact. 

ma i What, then, is the relationship between acute 

= encephalopathy without fatty liver and Reye-Johnson 
= syndrome? Acute encephalopathy without fatty liver, 

SOUN ; r acute toxic encephalopathy, was recognized as a 

© clinicopathologic entity before Reye and his col- 

= leagues emphasized its association with visceral 

_ fatty changes. Lyon, Dodge, and Adams,? in their 

ae ‘eport of infants and children with acute encephalop- 

3 athi s of obscure origin, included detailed descrip- 

= tions of the pathologic findings but did not mention 

tty liver. Sporadic reports of acute encephalopathy 

__ with fatty liver, often associated with varicella, may be 

und in the literature as far back as 1929.78 It is un- 
R hnson syndrome would have been 
as particularly if it had presented 
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| ‘es, Reye-Johnson syndrome and acute - 
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encephalopathy represent different entities, possibly 
with different pathogenic and etiologic mechanisms. 
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Wegener’s Granulomatosis 
Anatomic Correlates, A Proposed Classification 


Ben = RD A. DERMEE, M.D. Based on a 10-year experience with 50 patients who had Wegener’s granulomatosis, a new 
AAEE Ane a ciple l A classification is proposed based on anatomic site of involvement: upper airway or ear, 


nose, and throat (designated E), lung (L), and kidney (K). All combinations of ELK were 
seen. The system is offered as a unifying concept to embrace the terms midline granuloma, 
generalized or classic Wegener’s granulomatosis, and limited Wegener’s granulomatosis. 
Fourteen patients have died despite the use of corticosteroids and immunosuppressant 
therapy. Thirteen patients with renal involvement have survived for periods as long as 
114 months; all are taking immunosuppressive agents. 
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DIVISION OF THORACIC 
DISEASES AND INTERNAL . - i i 
MEDICINE Much controversy exists over the relationship of classic or generalized 


Wegener's granulomatosis, limited Wegener's granulomatosis, and mid- 
line granuloma. Until the etiology and pathogenesis of these conditions 
are elucidated, the question must remain unsettled. Nevertheless, patients 
who have necrotizing granuloma and vasculitis, with or without focal 
necrotizing glomerulitis, have similarities that make it attractive and pro- 
vocative to view all of them as part of a single disease spectrum or con- 
tinuum. In this broader concept we herein report a 10-year experience 
with 50 such patients, correlating the major sites of manifest anatomic 
involvement with salient laboratory findings and clinical course. 


METHODS AND MATERIALS ; 
Data on 50 patients, 28 men and 22 women, who had biopsy-proven $ 
necrotizing granuloma with vasculitis, with and without focal necrotizing 
glomerulitis, were analyzed. They were seen over a 10-year period ending 
in 1974. Patients ranged in age from 8 to 75 years. Six patients (12%) PROS, 
were 25 years of age or younger and 11 (22%) were older than 60. They SS 
were classified according to the major anatomic site of involvement: the _ 
upper airway or ear, nose, and throat were designated E, the lung L, and — 
the kidneys K. Other less frequently involved sites included the orbit, 
peripheral and central nervous systems, heart, skin, and gastrointestina h y 
tract. Erythrocyte sedimentation rate was performed by the Westergren Pe 
method, rheumatoid factor by latex fixation, antinuclear antibody b 
immunofluorescence, and the lupus erythematosus clot test by 
McGath modification. Serum immunoglobulins were determined 
radioimmunodiffusion. Survivorship was calculated in months fro m ti 
time of diagnosis. All biopsy specimens were subjected to speci | 
for microorganisms and were cultured for bacteria, mycobaci 
fungi. Specifically excluded from analysis were patients with polymorph 
reticulosis, also called midline malignant reticulosis or br M d 
ranulomatos 
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granulomatosis, a disease often confused with Wegener’ 
but having distinct pathologic features and clinical ou 
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E RESULTS 

F Anatomic Sites*.—Each of the major sites—E, L, or 
K—may be involved alone or in combination except 
a that the kidney cannot be involved alone because 
focal necrotizing glomerulitis is not specific for Wege- 
ner’s granulomatosis. According to older termin- 
ology, the classic form of Wegener’s granulomatosis 
could be designated by E, L, K in our system. Upper 
airway involvement alone would be designated by E 
and would approximate the old term, midline granu- 
loma. Patients classified as EL or L would appear 
to coincide with the concept of limited Wegener's 
granulomatosis. Table 1 shows a categorization of 
patients according to the E, L, K scheme. Hereafter 
we shall refer to all patients as belonging to a class 
based on the E, L, K site designation. 

| S By individual site, E was most frequently involved 
| (37 patients), followed by L (35 patients) and K (23 
y 
f 


patients). The skin was involved in eight patients, 
PE the orbit in six, peripherial nerves in seven, central 
nervous system in four, gastrointestional tract in three, 

and the heart in two. Renal involvement was doc- 

p umented by biopsy in 11 patients and at autopsy in 2 
further instances. In 10 patients, renal involvement 
was diagnosed on the basis of classic findings of red 
blood cell casts and proteinuria. Orbital involvement 
was manifested by proptosis and was always as- 
= sociated with E. Because of such constancy, orbital 
involvement came to be looked upon as an extension 

of E. Skin involvement was documented by biopsy in 
__ seven patients and diagnosed clinically in one. 
Peripheral nerve disease usually took the form of 
eS _ mononeuritis multiplex. Central nervous system dis- 
` F ease was manifested by delta wave focus on electro- 
3 -encephalography, cerebral dysfunction clinically, or 
ze rebral hemorrhage. Although the disease in most 
seri patients did not progress beyond sites originally ob- 
a ed at first diagnosis, six patients developed other 
sed a at some time remote from the original 
diagnosis. One patient evolved from E to EL to ELK 
(patient 7), eventually dying after a 15-month course. 
= Another atien t (patient 39) evolved from E to EK over 
18 mo nths ile on corticosteroids. Patient 26, with 
biopsy-proven E, evolved to EL proven by lung biospy 
: n per pe (patient 28) evolved 
ne patient (patient 50) had 
Pea echarse with poly- 
entification as EL. Another 


A ogee! f from E to FEK with 
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Table 1.—Wegener’s Granulomatosis as Found 
at Various Anatomic Sites 


ELK class Men Women Total 

E 4 7 11 

L 4 4 8 

EL 7 1 8 

EK 2 2 1 

LK 3 2 5 

ELK 8 6 i 
Total 28 22 
central nervous system and gastrointestinal involve- 
ment. These observations of evolution support the 
concept that the disease exists as a continuum 

Fourteen patients (5 women, 9 men) ere known to 


be dead, 10 from renal failure. Of the four without 
renal involvement, one (patient 3) died with gram- 
negative bacterial sepsis and one (patient 19) with 
massive pulmonary hemorrhage and Pseudomonas 
sepsis. Hodgkin’s disease was the alleged cause of 
death of a 51-year-old man (patient 18) with L involve- 
ment. However, we have been unable to obtain tissue 
to confirm this. The original diagnosis, made on lung 
biopsy specimens, was corroborated by Dr. Averill 
Liebow. The last patient (patient 8) is known to be 
dead after surviving 92 months, but details of the cause 
of death could not be obtained. 

Laboratory Findings. —Table 2 displays the salient 
laboratory findings. Defining anemia as a hemoglobin 
concentration of less than 11 g/dl for women and less 
than 12 g/dl for men, 28 patients were anemic. The 
anemia was usually mild, but levels in the range of 8 to 
9 g/dl were recorded, particularly in more seriously 
ill patients with more extensive involvement. The 
peripheral blood smear showed schistocytes and burr 
cells in four patients and a regenerative or hemolytic 
pattern in seven. A leukoerythroblastic picture was 
seen in two patients. It appears that the erythrocytes 
are prominently affected in Wegener's granulomato- 
sis, part of which may be due to physical trauma from 
the widespread damage of vascular endothelium 
consequent to vasculitis. Such abnormalities of the 
peripheral blood smear closely follow the presence of 
anemia. 

A leukocyte count greater than 10,900/mm* was 
found in 24 patients and was more frequently seen in 
patients with higher ELK classes. An eosinophil count 
greater than 5% was found in six patients, the highest 
being 11.5%. The highest total eosinophil count was 
1,150/mm3, This finding emphasizes the infrequency 
of significant peripheral eosinophilia in Wegener's 
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WEGENER’S GRANULOMATOSIS 


Table 2.—Laboratory Findings in Wegener’s Granulomatosis 


Sedimentation rate 
(>80 mm in 1 hour) 


ELK No. of No. No. No. 
class patients tested positive tested 
E 11 10 3 8 
L 8 8 2 5 
EL 8 8 3 1 
EK 4 4 3 3 
LK 5] 5 4 5 
ELK 14 4 13 13 
Total 50 9 28 35 


Antinuclear antibody determinations were positive 
in only 3 of 29 patients and all were of a mixed pattern. 
The lupus erythematosus clot test revealed rosettes of 
neutrophils in 2 of 37 patients but none were frankly 
Positive. These two suggestive tests were associated 
with negative results for antinuclear antibody. 

The rheumatoid factor was positive in 15 of 35 
patients. Titers ranged from O to 1:2,560. The 
presence of rheumatoid factor correlated strongly with 
renal involvement (12 of 21 positives). 

Erythrocyte sedimentation rates of 80 mm in 1 hour 
or greater were recorded in 28 patients. Thirteen of 
14 ELK patients had such elevations. There appeared 


Table 3.—Immunoglobulin Levels in Patients With 
Wegener’s Granulomatosis 


Immunoglobulin 


Patient ELK 
no. class IgG IgM IgA IgE 
5 LK 7.2 0.43 1.03 
12 E 15.0* 0.49 315 
15 E 14.0 4.10* 2.05 
16 EL 14.2 0.86 2.1 
18 L 7.6 0.9 1.18 
19 L 16.0* 1.15 2.25 
20 LK 9.8 1758 1.5 
21 L 7.8 IESi 1.8 
23 E 16.0* 0.5 3.65* 1,925* 
24 E 13.9 0.81 0.6 
mee 29 E O35) 0.64 2.5 
31 ELK 9.0 0.84 1.15 
33 EK 9.4 0.53 1.25 
» 34 E 9.1 0.89 WS 
5 38 ELK 11.3 0.42 5.0° 
40 ELK 6.15 1.2 1.37 
44 LK 15.58% 0.37 4.25* 783* 


2.01" 

; 1.19 

13.67 144 
7.2 0.64 


normal range. Normal values: |g‘ fe 
).2 to 1.4 mg/ml; IgA, 0.3 to 3.0 mg/r 


12.13 
8.3 


Rheumatoid factor 


Anemia Leukocytosis 
No. No. No. No. No. 
positive tested positive tested positive 
1 11 0 11 1 
1 8 4 8 3 
1 8 3 8 3 
1 4 4 4 3 
3 5 4 5 4 
8 14 13 14 10 
15 50 28 50 24 


to be an increasing likelihood of high sedimentation 
rates in higher ELK classes. 

Fauci and associates! have reported elevations of 
IgA as a feature of Wegener's granulomatosis.» We 
have immunoglobulin data on 21 patients (Table 3). 
Immunoglobulin G was elevated in four, IgM in six, 
and IgA in four. Two patients had elevated immuno- 
globulin E. We? have reported this finding previous- 
ly, including three additional patients with similar ele- 
vations not included in this analysis. 

TREATMENT AND SURVIVAL 

Therapy varied greatly in the 10-year period during 
which this series was studied. The corticosteroid used 
in most cases was prednisone, with usual starting 
doses in the range of 60 to 80 mg/day, occasionally 
given on alternate days. Immunosuppressive agents 
used included cyclophosphamide (29 patients), 
azathioprine (11 patients), chlorambucil (5 patients), 
and busulfan (2 patients). It is not within our scope to 
report this aspect in great detail. Experience accum- 
ulated over this period has allowed us to make a few 
observations and generalizations. First, both cortico- 
steroids and immunosuppressive agents are effective 
in treating Wegener's granulomatosis. However, they 
are not uniformly effective, as attested to by the fact 
that all deaths have occurred while the patients were 
taking such agents. The fact that 13 patients survived 
with renal involvement for up to 114 months after 
diagnosis, all on one or another immunosuppressive 
agent, speaks highly for the efficacy of such drugs. 

Corticosteroids alone seem to be insufficient to 
control renal involvement, whereas such agents more 
frequently control lesions involving E or L. One pa- 
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steroids and immunosuppressive agents, used to- 

- gether, make the patient vulnerable to infectious com- 

Mf. plications—particularly the very ill patient with large 

portals of entry due to affected skin and respiratory 

epithelium. Because the action of immunosuppres- 

id sive agents is delayed for periods of 2 to 3 weeks, we 

if believe that corticosteroids should be used alone in 

5; the early treatment of severely ill patients, immuno- 

a suppressive agents being introduced after the patient 

has been stabilized, whereupon the corticosteroids 

are slowly withdrawn. In patients who have more 

indolent courses, we would elect to start administering 
immunosuppressive drugs alone. 

Consideration must be given to the age of the pa- 
tient because of long-term potential consequences of 
immunosuppressive therapy. All women ceased 

J menstruating permanently while on cyclophospha- 
poo mide; this drug was used generally in a dose of 2 mg/kg 
1 per day and at this dose was relatively safe, the chief 
side effects being sterility, menopause, and hair loss. 
No serious instance of hemorrhagic cystitis was en- 

ais countered with oral use of this agent. 
fi The efficacy of immunosuppressive agents such as 
cyclophosphamide has not, to our knowledge, been 
subjected to a controlled prospective study. How- 
ever, reports of long-term survival of patients with 
renal involvement treated with such agents provide 
such strong evidence as to make withholding of these 
drugs from likely candidates unwise. The optimal 
dose of these drugs might well be subjected to pro- 
spective analysis, but the relative infrequency of the 
_ disease would require many years to develop signif- 
icant data. This fact suggests the need for cooperative 

_ studies among large medical centers. 
= Finally, two patients with isolated lesions of the 
are stable without other therapy after surgical 
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atively benign course compared with the classic or 
generalized form. Eight of their 16 patients were living 
from 4 to 150 months after the onset of symptoms. 
Additional strength was given to this concept in a re- 
port of four similar patients by Cassan, Coles, and 
Harrison? in 1970. An older term, lethal midline 
granuloma, bears on this discussion. This term, which 
antedates Wegener's original report, probably includ- 


ed not only patients with typical necrotizing gran- 
uloma and vasculitis consistent with Wegener's gran- 
ulomatosis but also others with polymorphic reticu- 
losis, specific infectious granulomas, lymphomas, 
and other neoplasms. In modern pa: this term 


has insufficient specificity to be meaningiu.. 

The conceptional dilemma underi,ing ai] of these 
terms (Wegener's granulomatosis, limited \\/egener’s 
granulomatosis, and midline granuloma) is whether 
they are related or separate entities. Differences in 
clinical course would lend weight to the argument 
that they are separate. There appear, however, to be 
more compelling considerations that favor a unified 
concept which incorporates all three diseases into a 
continuum or spectrum. Necrotizing granuloma with 
vasculitis is identical in E or L and thus forms the 
common pathologic basis for diagnosis. Focal nec- 
rotizing glomerulitis is the hallmark of renal involve- 
ment when associated with the pathologic changes 
mentioned above. The data we present show that all 
possible combinations of anatomic sites can be in- 
volved. Evolutions of patients from E through L to 
K support a unified concept, as does the response of 
the lesions to similar therapeutic agents such as corti- 
costeroids and immunosuppressants. Commonly 
shared laboratory findings also support a common 
pathogenesis. Those patients remaining stationary at 
E or L, not evolving to K, may reflect a different 
tempo of disease rather than different diseases. In 
addition, treatment administered may have prevented 
Progression. 

In the framework of a unified concept designated by 
the ELK scheme, a number of interesting hypotheses 
and questions are raised. The frequency of involve- 
ment of E and L and the observed evolution of E 
through L to K suggest that the respiratory tract may 
be the portal of entry of some as yet unknown provoc- 
ative agent or agents. It would also seem reasonable 
that the respiratory epithelium serves as the first barrier 
to such an agent. The fact that immunoglobulin E 
can be found in increased amounts has a number of 
ramifications, among which might be the possibility 
that some predisposing allergic host factor exists. 
Increase in immunoglobulin A, reported by others, 


has been cited as evidence suggesting that chronic 
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antigenic stimulation of surface membranes may be a 
possible cause. Our data on immunoglobulins are at 
some variance with these reports but the hypothesis 
is nevertheless attractive. Why does the disease re- 
main localized in some patients and disseminate 
widely with K involvement in others? 

It may well be that a number of different agents or 
pathogenic mechanisms will ultimately be uncovered 
within this disease known as Wegener's granulomato- 


sis. In the light of present knowledge, we believe 
that it is convenient to study such patients within 
the unified concept embraced by the ELK classification 
system. In addition, ELK presents an obvious and 


easily remembered mnemonic. 


REFERENCES 


Fauci AS, Wolff SM, Johnson JS: Effect of cyclophosphamide upon 
the immune response in Wegener's granulomatosis. N Engl J Med 
285:1493-1496, 1971 

Conn DL, Gleich GJ, DeRemee RA, et al: Raised serum immunoglobulin 
E in Wegener's granulomatosis. Ann Rheum Dis 35:377-380, 
1976 

Klinger H: Grenzformen der Periarteriitis nodosa. Frankfurt Z 
Pathol 42:455-480, 1931 

Wegener F: Uber eine eigenartige rhinogene Granulomatose mit 
besonderer Beteiligung des Arteriensystems und der Nieren. 
Beitr Pathol 102:36-68, 1939 

Godman GC, Churg J: Wegener’s granulomatosis: pathology and 
review of the literature. Arch Pathol 58:533-553, 1954 

Carrington CB, Liebow AA: Limited forms of angiitis and granu- 
lomatosis of Wegener's type. Am J Med 41:497-527, 1966 

Cassan SM, Coles DT, Harrison EG Jr: The concept of limited forms 
of Wegener's granulomatosis. Am J Med 49:366-379, 1970 


M ) 
Ciihic Proceedings 


A fifty-year subject-author cumulative index to the Mayo Clinic Proceedings has been published, and is now available 
at a cost of $25.00 per copy. The entire contents of the Proceedings, covering the period 1926 through 1975 
(Volumes 1 through 50), has been fully cross-indexed with approximately 10,000 entries, using the keyword approach. 
To order your copy please fill out the following form: 


Please make check or money order payable to the Mayo Clinic Proceedings and mail to: 


Mayo Clinic Proceedings 
Room 1044 
Plummer Building 
Mayo Clinic 
Rochester, MN 55901 


| enclose $ 
Index @ $25.00 per copy. 


for_._..____________copy/copies of the Fifty-Year 


Name 


Address 
State or 


City 


Country e eee ae owe Zip 


Please remember to enclose your payment. Thank you. 


CC-0. Gurukul Kangri University Haridwar Collection. Digitized by S3 Foundation USA 


A Significant Interaction Between Metronidazole and 


Warfarin 


Interaction between metronidazole (Flagyl) and warfarin had been suggested based on the 
disulfiram-like effect of metronidazole and the known interaction of warfarin and disulfi- 
ram. This case report confirms that this interaction is clinically significant in man. 


Interactions between coumarin and other drugs are among the clinically 
most important drug reactions in medicine. In recent years, several new 
interactions with warfarin in particular have been described and the mech- 
anisms responsible have been clarified.!5 O'Reilly, in an experimental 
study, has reported a significant increase in prothrombin time response 
and warfarin blood levels in normal volunteers taking metronidazole 
(Flagyl) and warfarin compared with warfarin alone. This report confirms 
that this interaction is clinically significant in man. 


REPORT OF CASE 


This 31-year-old woman was hospitalized with a history of sudden pain behind 
the left knee, occurring as she arose from a chair the day before admission. This 
pain became so severe that walking was difficult and she could not straighten her 
leg fully. Excision of her mitral valve and insertion of a 3M Starr-Edwards mitral 
ball valve prosthesis had been done 6 years previously for mitral valve stenosis 
and incompetence. She had been maintained on oral anticoagulant therapy with 
warfarin since surgery. Anticoagulant therapy had been complicated during that 
period by cerebral emboli 2 years and 3 years before admission, both episodes 
resolving without residual effects. She underwent a vaginal hysterectomy 4 
months before this admission because of menstrual irregularity while taking anti- 
coagulants. There had been no serious bleeding episodes and her prothrombin 
time was well controlled at home with a dosage of 5 mg of warfarin each day for 3 
days followed by 7.5 mg the fourth day, and then repeating the cycle. Her pro- 
thrombin time was last checked at home about 2 weeks before admission. 

For 1 week before admission she had noted excessive bruising of her legs. She 
had been started on metronidazole (Flaygl), 750 mg/day, for trichomonal vaginitis 
17 days before admission; she was given instructions and sufficient medicine for a 
10-day course of therapy. Her only other medications included propoxyphene 
occasionally, an oral iron-containing preparation, and warfarin. 

Several ecchymoses were noted on both legs and there was obvious hemorrhage 
into the subcutaneous tissue of the left lower extremity. The left calf was swollen 
but neither the venous pattern nor local skin temperature was increased. She had 
had no hematuria or melena. 

A prothrombin time done in the emergency room the day before admission was 
147 seconds (normal, 17 to 19 seconds). She had been given 15 mg of vitamin K, 

at that time. After admission the next day, her prothrombin time was 46 seconds. 

No further vitamin K was given and on the third day after admission her prothrom- 
bin time was 23 seconds. She was restarted on oral warfarin because she had one 
brief cerebral embolus, which also cleared without residual effects in the first week 
after reinstitution of warfarin therapy. Since that time oral anticoagulation has 
been maintained with warfarin, prothrombin times have continued to be in a 
satisfactory range, and there have been no further complications. 
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DISCUSSION 

In general, drug interactions involve modification of 
drug metabolism (drug pharmacokinetics) or modifi- 
cation of drug action at receptor sites (drug pharma- 
codynamics).?7 Coumarin interactions with other 
drugs involve several of these specific mechanisms— 


for example, absorption (cholestyramine resin),® 
binding (phenylbutazone, chloral hydrate), bio- 
transior mation (barbiturates via enzyme induction and 
resuiisr! acceleration of coumarin metabolism), !2 
anc enzyme inhibition with resultant potentiation of 
coumarin effect (disulfiram).13 There are direct 
eliects on synthesis or catabolism of the vitamin K- 
dependent coagulation factors (oral contraceptives, 


vitamin K)'415 and, finally, platelet inhibitor agents 
in patients taking oral coumarins may impair normal 
hemostatic mechanisms sufficiently to cause bleeding. 
Mechanisms of drug interaction have been clarified 
to a point where a lack of therapeutic effect or a toxic 
effect is more readily understood. About 97% of the 
warfarin present in the body is bound to protein and, 
hence, displacement of even small amounts of warfar- 
in by an interacting drug greatly increases the concen- 
tration of free drug available to the receptor site. '® 
Serious bleeding with this type of coumarin interaction 
is well documented. '!° The effect of agents that dis- 
place coumarin from binding sites may be transient, 
as has been demonstrated in recent years for chloral 
hydrate, where an increase in free warfarin accelerates 
warfarin metabolism and may result in bleeding only 
early in the sequence of use of the drugs. As pointed 
out by Koch-Weser, 7 the sequence of onset and sub- 
sidence of potentiation with binding interaction is 
complex and depends on the metabolic half-life of 
both the coumarin and the displacing drug. The 
Clinical significance of enzyme induction (induction 
of the hepatic microsomal enzyme systems) with 
coumarins relates both to inability to obtain a thera- 
Peutic effect when coumarin metabolism is acceler- 
ated without increasing the maintenance dose and to 
the danger of bleeding once the inducing agent is 
stopped. Both possibilities apply to hospitalized pa- 
tients in particular, for whom use of sedatives and 
YPnotics is common. Bleeding may also result when 
a drug that decreases the rate of metabolism of war- 
arin is given with warfarin." Blood concentration of 
Warfarin is increased and the prothrombin time pro- 
Onged without a change in the maintenance dose of 
Re arin, For any one person, the results of enzyme 
Uction seem fairly reproducible but there are, 
Heil y wide differences among individ ig 
ind 'Osomal enzyme activity, and susceptibility 
“ction is determined genetically.” 


In 1973, O’Reilly'3 demonstrated the interaction 
of warfarin and disulfiram in man and proposed that 
the microsomal enzymes responsible for the metab- 
olism of warfarin are inhibited by disulfiram, an effect 
leading to higher blood levels of warfarin and an en- 
hanced anticoagulant effect. Disulfiram inhibits 
aldehyde dehydrogenase’ and also has been shown 
to inhibit hepatic dopamine B-hydroxylase2° as well 
as to interfere with the metabolism of diphenylhydan- 
toin and antipyrine.?! Both these last drugs share 
with warfarin the capacity for biotransformation by 
hydroxylation. 

A disulfiram effect of metronidazole has been sug- 
gested.” On this basis, in 1975, O’Reilly® postulated 
an interaction between warfarin and metronidazole. 
He reported significant increase in prothrombin time 
response and warfarin blood levels in eight normal 
subjects receiving both drugs compared with the 
response in the same subjects on warfarin alone. 
The dose of metronidazole used was 750 mg orally, 
the same as in our patient. Based on this informa- 
tion it would seem probable that the mechanism 
of interaction is indeed inhibition of the metabolism 
of warfarin by metronidazole. 

Our patient had marked bruising within 10 days of 
starting metronidazole, as well as significant elevation 
of her prothrombin time and a serious enough bleed- 
ing episode to require hospitalization. All of this oc- 
curred against a background of 6 years on warfarin 
without a bleeding problem. Speculative interpreta- 
tion of what are often complicated events does not, in 
a single case, establish an unequivocal drug inter- 
action but, in this instance, other possible drugs and 
intercurrent events were clearly identified and it did 
not seem feasible that they were implicated in any 
way. Considering the background of experimental 
work with these drugs, the clinical implications are 
clear. It is, of course, possible that not all persons 
taking warfarin and metronidazole concurrently will 
demonstrate the interaction, just as seems the case in 
the interaction between disulfiram and warfarin. 13 
There are probably individual differences in the ability 
to inhibit hepatic microsomal enzymes.?! 

If, as claimed, a single 2-g dose of metronidazole 
can eradicate trichomonal infection, this therapeutic 
approach might prove an alternative to the conven- 
tional recommended dosage in patients taking warfar- 
in. 

In addition, sodium warfarin is a racemic mixture 
of two optical enantiomorphs—S(—)-warfarin(so- 
called S warfarin) and R(+)-warfarin (R warfarin). S 
warfarin is the more potent anticoagulant in man, 
although in man it is eliminated more rapidly than R 
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warfarin. It has also been shown that the metabolic 
products of R and S warfarin differ.24 R warfarin is 
oxidized to 6-hydroxywarfarin and eventually re- 
duced to warfarin alcohols, whereas S warfarin forms 
predominantly 7-hydroxywarfarin. S warfarin may 
derive its greater potency from intrinsic activity of 
the drug, and that increased activity may well result 
from its stereospecificity.22 The interaction of met- 
ronidazole and warfarin seems stereospecific—that is, 
the reaction occurs with the more potent S warfarin 
enantiomorph.® Hence, it has been suggested that 
the reaction might be avoided by using the R warfarin 
instead of the racemic warfarin mixture. 
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Myocardial biopsies from two patients who had developed “stone heart” (myocardial 
rigor mortis; ischemic contracture of the left ventricle) were studied by electron micros- 
copy. The ultrastructure of tissue in stone heart, though ischemic in nature, differed from 
that of classic myocardial infarction in some respects. Apart from depletion of glycogen 
and distension of the sarcoplasmic reticulum and T-tubules, myofibrillar degeneration was 
much more widespread. Mitochondrial degeneration with active lysosomal autodigestion, 
disruption of the microcirculation, and lymphedema were prominent changes also ob- 
served. In the light of known clinical and experimental observations, our findings suggest 
that stone heart is an accelerated form of ischemic injury occurring in vulnerable (hyper- 
trophied) hearts and is probably related to ischemia-triggered release of endogenous 
catecholamines. 


Ischemic contracture of the left ventricle (myocardial rigor mortis! or 
stone heart?) can be produced experimentally and has been observed 
clinically.7 Myocardial rigor signifies irreversible ischemic damage of 
the heart. It is characterized by tetanic contraction of the left ventricle 
with almost total obliteration of the ventricular chamber and blanching of 
the subendocardial muscle.?* The spastic heart cannot be induced to 
relax by any form of pharmacologic intervention or by prolonged cardio- 
pulmonary bypass support and manual massage.* 

Although stone heart was reported by Cooley and associates? as a rare 
complication of cardiac surgery, occurring in only 13 (0.3%) of 4,732 pa- 
tients who had undergone a variety of open-heart procedures, it accounted 
for over 25% of the operative deaths from acute myocardial failure.” 
These 13 previously reported cases of stone heart had many common 
clinical and pathologic features. All patients were in either functional 
Class III or Class IV heart failure (New York Heart Association classifica- 
tion), and 11 of the 13 patients underwent open-heart surgery for correc- 
tion of severe aortic valvular disease. Evidence of advanced left ventric- 
ular hypertrophy was present in every case, the average heart weight 
being 782 g.3 The main histologic findings consisted of diffuse interstitial 
fibrosis and hypertrophied muscle fibers. ?- 

The availability of surgical biopsy material from two recent cases of 
stone heart afforded us an opportunity to study the ultrastructure of 
tissue in myocardial rigor and formed the basis of this report. 


MATERIALS AND METHODS 

Myocardial biopsies were obtained from two men, 62 and 56 years old, 
who had developed the condition of stone heart at open-heart surgery 
with cardiopulmonary bypass for replacement of stenotic aortic valves. 
Both patients had anatomically moderately severe but clinically asymp- 
tomatic coronary atherosclerosis. Normothermic ischemic arrest of the 
heart was accomplished by cross-clamping of the aorta. The total is- 
chemic times were 80 and 100 minutes, respectively, when stone heart 
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Fig. 1. Photomicrograph of myofibrillar degeneration. Note interstitial fibrosis and hypertrophied muscle fibers with con- 
traction bands (arrows). (Azure Il and methylene blue; x 1,000.) 


ments and intracellular accumulation of pigmented 


Fig. 2. Photomicrograph of myocytolysis. Note dissolution of myofila 
lysosomal bodies (arrows). (Azure II and methylene blue; x 1,000.) 
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Fig. 3. Electron micrograph of stone heart. Note supercontracted fiber in left upper corner of figure and intracellular edema 
with subsarcolemmal blebs (*) of the fiber in lower half of figure. (Uranyl acetate and lead citrate; x6,200.) 


Fig. 4. Electron micrograph of stone heart. Not rcont 
torn intercalated disk (*). (Uranyl acetate and lead citrate; 


e supercontracted fiber in right of figure, separated from adjacent fiber by 
x9,300.) 
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Fig. 5. Electron micrograph of stone heart. Note group of large secondary lysosomal bodies (L) filled with flocculent elec- 
tron-dense material and in close contact (small arrows) with degenerated mitochondria (M). Curved arrow points to mito- 
chondrion with disrupted limiting membrane. These lysosomal bodies are found outside nuclear pole areas. (Uranyl 


acetate and lead citrate; x32,000.) 


developed in these two patients. All attempts to re- 
verse the myocardial rigor failed. At autopsy, the 
hearts (575 and 750 g, respectively) remained firmly 
contracted and there was almost total obliteration of 
the ventricular cavities. 

In each case, full-thickness myocardium was taken 
from the anterior wall of the left ventricle as soon as 
the surgeons recognized that myocardial rigor had 
occurred. The tissue was cut into 1-mm cubes and 
fixed by immersion in phosphate-buffered 3% glu- 
taraldehyde for 3 hours. After several rinses in the 
phosphate buffer, the tissue was postfixed in buffered 
1% osmium tetroxide for 1 hour, dehydrated in grad- 
ed alcohol solutions, and embedded in araldite. Sec- 
tions were cut on a Porter-Blum MT-2 ultramicrotome 
with a diamond knife. Semithin (1-2) sections were 
stained with methylene blue-azure II and thin sections 
were stained with uranyl acetate and lead citrate and 
examined in an RCA EMU-4 electron microscope. To 

demonstrate lysosomal activity, the glutaraldehyde- 
fixed specimens were cut at 40 wand incubated in the 


reaction media for acid phosphatase by the Gomori 
technique® for both light and electron microscopy. 


RESULTS 

Identical morphologic abnormalities were seen in 
both cases of stone heart, although the severity of 
changes varied somewhat among the individual speci- 
mens examined. Apart from depletion of glycogen 
granules and widening of sarcoplasmic reticulum and 
T-tubules, the main pathologic changes involved the 
contractile elements, the mitochondria, and the 


microcirculation. 


Myofibrillar Degeneration.—The individual myo- 
cardial fibers were markedly hypertrophic and ap- 
peared more widely separated because of interstitial 
fibrosis. The orderly cross-striation of the fibers 
was interrupted by dense “contraction bands” (Fig. 1). 
In some areas, there was widespread dissolution of 
myofibrils and intracellular accumulation of small 
osmophilic lysosomal bodies (Fig. 2). Frequently, 
adjacent fibers showed markedly contrasting states of 
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Fig. 6. Photomicrograph of large autophagic vacuole with double-layered wall (arrows), containing degenerated mito- 
chondria and naked membrane structures (*). (Uranyl acetate and lead citrate; x 18,600.) 
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orrhagic necrosis. Note extravasated erythrocytes surrounded by hypertrophied 


Fig. 7 i | hem 
8- 7. Photomicrograph of foca (Azure Il and methylene blue; x 1,000.) 


Muscle fibers with contraction bands. 
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ENPA p j | ; ath si í ic injury. Note dark attenuated endothelial 
Fig. 9. Photomicrograph of myocardial capillary (CAP) with signs of anoxic injury. : 
alls (arrows) wedged R EA swollen endothelial cells with prominent cytoplasmic vesicles, and escaped erythrocytes 


(£). (Uranyl acetate and lead citrate; x 15,500.) 


CC-0. Gurukul Kangri University Haridwar Collection. Digitized by S3 Foundation USA 


OO DL 


Mayo Clin Proc, Dec 1976, Vol 51 


ISCHEMIC CONTRACTURE OF LEFT VENTRICLE 791 


IEW god $ s 
E Wok Stan GAS. 


A 2 PARS 
Fig. 10. Photomicrograph of marked! 


S A. ; Dein Š 


y dilated myocardial lymphatic (LYM) 
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next to capillary (CAP) with swollen endothelial 


cells. Note breaks in lining of lymphatic (arrows). (Uranyl acetate and lead citrate; x 12,400.) 


contraction; a supercontracted fiber lay alongside a 
relaxed fiber or was separated from an overstretched 
fiber by a “torn” intercalated disk (Fig. 3 and 4). 
The contraction bands represented closely approxi- 
mated Z-lines of the shortened sarcomeres, not unlike 
the collapsed ribs of an accordion. Intracellular 
edema was evidenced by the separation of myofibrils 
and subsarcolemmal blebs. 

Mitochondrial Degeneration and Autodigestion. — 
The most frequently observed mitochondrial changes 
were bizarre configurations and vacuolation of the 
Cristae matrix. Electron-dense inclusion bodies were 
seldom present. The Gomori technique for demon- 
Strating hydrolytic enzymes showed a loss of primary 
ysOsomes and markedly reduced acid phosphatase 
activity. The degenerated mitochondria were often in 
Company with numerous large secondary lysosomal 

Odies in different stages of autodigestion. The auto- 
Pnagic lysosomes, some of which were membrane- 
und, were filled with osmophilic debris apparently 
= ied from incompletely digested organelles (Fig. 5). 
fare instances, mitochondria in various stages of 
“8radation and naked membrane structures were 


 Bulfed in a giant vacuole having a double-layered 
all (Fig 6). 


The Microcirculation.—Interstitial hemorrhage was 
common in foci of myofibrillar degeneration, and 
extravasated red blood cells were abundant in the 
widened subsarcolemmal space (Fig. 7 and 8). The 
capillary endothelium often appeared completely 
interrupted in several places and showed remarkable 
structural alterations (Fig. 8 and 9). Some capillary 
endothelial cells became attenuated, with markedly 
increased cytoplasmic density, while others were 
swollen and contained large intracellular vesicles. 
The sharp contour of the basement membrane of the 
normal capillary wall also became indistinct (Fig. 9). 
Lymphedema was a prominent finding. At low mag- 
nification, the myocardial biopsies showed widened 
extracellular spaces that were filled with low-density 
amorphous proteinaceous material. Dilated lymphat- 
ics were lined by attenuated endothelial cells that 
were discontinuous (Fig. 10). 


DISCUSSION 

The salient clinical and anatomic characteristics of 
stone heart have been described previously, %37 
Our present ultrastructural study indicates that a series 
of striking degenerative processes involving the con- 
tractile elements, the mitochondria, and the micro- 
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circulation occur when a vulnerable (hypertrophied) 
heart undergoes irreversible ischemic contracture. 

Myofibrillar degeneration or myocytolysis (Fig. 1 
through 4) is a common form of cardiac muscle in- 
jury. It has been observed in a variety of human and 
experimental conditions, including anoxia, oxygen 
inhalation, hemorrhagic shock, electric shock, po- 
tassium deficiency, cobalt toxicity, and administration 
of sympathomimetic amines.® It also occurs often 
after open-heart surgery with total cardiopulmonary 
bypass.!° An earlier study by Gott and associates! 
and the more recent experience of Reul and asso- 
ciates!! and MacGregor and associates® suggest 
hypothermia as a possible means of either preventing 
or reversing myocardial rigor. But strangely enough, 
myofibrillar degeneration has also been observed as a 
form of hypothermal injury.” 

Reichenbach and Benditt® suggest that myofibrillar 
degeneration of different origins may depend on a 
common pathogenetic mechanism—namely, cate- 
cholamines released locally from sympathetic nerve 
endings in the myocardium or from the adrenal 
glands, or both. Catecholamines increase myocardial 
oxygen consumption by increasing the work of the 
heart and by uncoupling oxidative phosphoryla- 
tion.!3 Either or both of these cellular mechanisms 
could cause a diminution in ATP levels necessary for 
maintenance of membrane integrity, ionic fluxes, and 
contractile phenomena of myocardial fibers. 

Mitochondrial degeneration (Fig. 5 and 6) in stone 
heart, characterized by-swelling, vacuolation, and 
fragmentation or loss of cristae, is similar to that ob- 
served in experimental ischemic arrest of normal and 
failing dog hearts. 46-1416 However, the deposi- 
tion of intramitochondrial electron-dense (calcium) 
granules, so commonly seen in the classic myocardial 
ischemic injury, is an infrequent finding. The pres- 
ence of autophagic vacuoles and decreased acid 
phosphatase activity may represent a preexisting 
lysosomal degradation of mitochondria in the hyper- 
trophied hearts. Autodigestion by the coalescence of 
mitochondria with lysosomes has been observed in 
aging rat hearts,17 diseased human hearts,*® and 
dog hearts after cardiopulmonary bypass.*® The role 
of the lysosomal system in ischemic injury to the myo- 

cardium recently has been receiving greater atten- 
tion, 1619.20 
Structural alteration of the microcirculation in stone 
heart also reflects the ischemic basis of myocardial 
rigor. Intracellular edema has long been known to be 
an early sign of tissue response to anoxia,”! and we 
have further demonstrated that lymphedema is also a 
prominent feature (Fig. 7 through 10). Edema and ne- 


Mayo Clin Proc, Dec 1976, Vol 51 


crosis of capillary endothelial cells, coupled with 
lymphangiectasis, increase the vulnerability of the 
compromised heart and accelerate the processes of 
myocardial organelle degeneration. In experimental 
animals, ischemic injury to the myocardium after 
coronary artery ligation can be augmented by the 
obstruction of the cardiac lymphatics. ** Focal hemor- 
rhagic necrosis (Fig. 7 and 8) occurs more commonly 


in experimental acute myocardial infarction with con- 
current lymphatic obstruction. 

The occurrence of myocardial rigor has been at- 
tributed to derangement of the usua! spatie! relation- 
ship between the actin and myosin myofilaiments be- 
cause of low concentrations of AT? Cur invest- 
igation indicates that the ultrastruciure of tissue in 
stone heart reflects a state of global anoxia. Anaerobic 


glycolysis generates a limited supply of ATP, but as an 
energy provider glycolysis is grossly inadequate com- 
pared with oxidative phosphorylation. The overload- 
ed hypertrophied hearts are more susceptible to the 
development of ischemic contracture because they 
have been functioning precariously with severely de- 
pleted stores of high-energy phosphate compounds. 
About 50% of the ATP reserve may be lost when the 
weight of the human heart exceeds 500 g.?* 

It may be unnecessary to invoke excessive calcium 
binding of the troponin-tropomyocin complex (the 
protein regulator of muscle contraction and relaxa- 
tion) as a biochemical mechanism of myocardial 
rigor.? Our ultrastructural studies show, albeit in- 
directly, no accumulation of calcium in the organ- 
elles. Muscle tension develops when the concen- 
tration of magnesium-ATP falls below a critical level, 
independent of the presence or absence of calcium 
ions.25 When myosin is not bound to magnesium- 
ATP, interaction with actin cannot be blocked by 
troponin-tropomyosin. Bonds known as “rigor com- 
plexes” develop, regardless of calcium ion concen- 
tration, and contracture occurs. ”® 

The metabolic response to ischemia of any indi- 
vidual heart, normal or diseased, varies considerably. 
Clinically, stone heart has been observed to occur 
after 22 to 110 minutes of ischemia. Even under 
the more rigidly controlled experimental situation, 
myocardial rigor can be produced after 38 to 70 
minutes of ischemia. Although myofibrillar degener- 
ation, the morphologic characteristic of stone heart, 
is a nonspecific form of cardiac response to a variety 
of injuries, it might be causally related to the release of 
endogenous catecholamines.® Norepinephrine, the 
endogenous catecholamine of the mammalian heart, 
is released from sympathetic nerve endings at the on- 
set of ischemic arrest. Increase in glycogenolysis and 
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glycolysis results from beta-adrenergic receptor stim- 
ulation by norepinephrine. The protection afforded 
by propranolol, a beta-adrenergic receptor blocker, in 
both clinical and experimental situations,®! lends 
support to the theory that catecholamine plays a role 
in the paihogenesis of stone heart. 
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Jan. 22 

Feb. 17 and 18 Cancer Reviews 
Mar. 4. and5 Dental Reviews 
Mar. 11 and12 Gynecologic Surgery 


Mar. 11 to 13 


Mar. 18 Pediatric Day 


Minnesota Society of Orthodontists 


Workshop—Approach to Diffuse Pulmonary Infiltrates 


Council on Medical Education of American Medical Association 


For further information about the meetings, please write to Mr. William Nietz, 
Communications, Mayo Clinic, Rochester, MN 55901. 
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The First Fifty Years of Mayo Clinic Proceedings 


JAMES T. PRIESTLEY, M.D. 
EMERITUS STAFF 


No one knew how long the new venture would survive. This was common 
in an institution where innovations were frequent. Successful ones were 
continued, modified, and improved. Others were droppe: 

The Bulletin of the Mayo Clinic and Mayo Foundai peared 
initially on Apr. 21, 1926. Within months the name was chor three 
times and ultimately it became Proceedings of the Staff Meetings of the 
Mayo Clinic, which title was retained until 1964. By then, the original 
fledgling publication had progressed through childhood and adolescence 
and was attaining maturity. What was its origin? What led to its con- 


tinuing growth and recognition? 

Starting before 1910, staff members of the Mayo Clinic and fellows of the 
Mayo Foundation met every Wednesday evening unless it was December 
25, January 1, or July 4. A pathology conference* preceded staff meeting. 
Programs of staff meetings consisted mainly of clinical and investigative 
studies, but an important component was the reporting of meetings at- 
tended and visits to other medical institutions in the United States and 
abroad, and also yearly reporting from various departments. For surgical 
fields, these contained information on numbers and types of operations 
performed, advances in knowledge, changes in techniques, mortality 
rates, and other pertinent data. No one missed staff meeting if he was able 
to walk. Drs W. J. and C. H. Mayo always sat in the front row, which did 
not alleviate the nervousness of younger members as they rose to speak. 
In 1926, it was decided that presentations made at these weekly meetings 
should be published “for information of the staff of Mayo Clinic and 
fellows of Mayo Foundation for medical education and research.” 
Thus was born what is now known as Mayo Clinic Proceedings. 

Publication was weekly. Contents, although originally derived solely 
from staff meetings, soon included talks by prominent visiting physicians 
and surgeons as well as Mayo Foundation Lectures. There was no 
editorial board. Mrs. Maude Mellish,t whose background was that of 
medical librarian and editorial worker, was the first editor. In addition to 
the staff of Mayo Clinic and fellows of Mayo Foundation, “The 
Proceedings” was sent free of charge to any physician, medical student, 
or library that requested it. There was no advertising. The total cost was 
borne by Mayo Clinic. From 1931 to 1942 there were about 16 pages 
per issue. 

One hesitates to mention outstanding contributions that brought 
growing recognition to the journal during these early years, as so Many 
would have to be omitted. If a selection was made, hopefully without 
EEE Eee 
*This conference was conducted by an uninhibited pathologist who could present findings on ony 


: 7 i i iai then 
tient who had died during the previous week. The responsible physician or surgeon was then 
FAI on to explain and, if need be, defend his diagnosis and treatment. This was a “no holds barred 


Ase ro the wife of Dr. L. B. Wilson, first director of Mayo Foundation. 


794 


CC-0. Gurukul Kangri University Haridwar Collection. Digitized by S3 Foundation USA 


———————— 


Mayo Clin Proc, Dec 1976, Vol 51 


FIRST FIFTY YEARS OF PROCEEDINGS 795 


giving offense to those not included, it might 
comprise: a wide variety of articles by W. J. and C. H. 
Mayo; reports on the biliary and gastrointestinal 
tracts by E. S. Judd, D. C. Balfour, W. Walters, and 
G. B. Eusterman; thoracic surgery by S. W. Harring- 
ton; neurologic surgery by A. W. Adson; diabetes by 


R. M. Wider; renal function and disease by N. M. 
Keith and L. G. Rowntree; urography and transure- 
thra! sursery by W. F. Braasch, H. C. Bumpus, and 
G. }. Thompson; physiology of the liver and patho- 
logic physiology of peptic ulceration by F. C. Mann 
and }. L. 3ollman, as well as other physiologic studies 
by W. C. Alvarez, H. E. Essex, and C. F. Code. Later 
appeared the highly significant work of W. H. Feld- 
man and H. C. Hinshaw on chemotherapy for tuber- 


culosis and that of E. C. Kendall and P. S. Hench 
on cortisone. 

Changes were made as years passed and circulation 
increased. Mrs. Eleonore Clappier became manag- 
ing editor in 1942, a position she filled with dedi- 
cation and distinction until her retirement in 1975. 
Gradually, fewer articles presented at staff meetings 
were published and, conversely, more articles from 
other sources were included. By 1960, only half 
of the articles published had been presented at 
staff meetings. Selected abstracts were added. The 
base was being broadened. Weekly publication 
was continued from 1926 until 1942 when, because 
of World War Il, publication became bimonthly. 
By 1955, the mailing list exceeded 30,000. 

Discussions starting in 1962 led to significant 
changes in policy in 1964. These were directed 
toward converting the journal into the recognized 
pattern of national medical journals. The name was 
changed to Mayo Clinic Proceedings. An editorial 
board of six members, with Dr. E. D. Bayrd as 
editor-in-chief, was established in 1964. Henceforth 
all articles submitted had to be acceptable to this 
board. By this time, the nature of staff meetings had 
changed and little material from these meetings was 
used. Original articles were submitted by residents 
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and staff. Publication became monthly and the 
number of pages per issue was increased, ranging 
from 66 to 80. Circulation now exceeded 48,000. 
Expenses were rising so, in January 1971, advertising 
was accepted for the first time and the format was 
redesigned. Names, including medical students, 
interns, and residents, were still added to the mailing 
list without charge but a footnote now indicated that 
those who wished could send $7.00 yearly to Mayo 
Foundation (recently increased to $12.00). Twenty 
percent of those on the list were canvassed each 
year and those who did not indicate a definite desire 
to be retained were dropped. Contents now included 
clinicopathologic conferences, subject and book 
reviews, abstracts, medical history vignettes, and 
notices, in addition to original articles. Starting in 
1971, Dr. A. B. Hayles became editor-in-chief. 
Dr. C. G. Roland was named executive editor in 1972. 
Mrs. Donabeth C. Postier was appointed managing 
editor in 1975. Circulation was then 65,000, 27% 
of which went to other countries. Current circulation 
is exceeded by only three or four medical journals on 
this continent (excluding controlled circulation 
magazines). A recent analysis revealed that internists 
made up the largest number on the mailing list, 
followed in descending order by surgeons, family 
physicians, pathologists, and pediatricians. Ninety- 
five of 132 articles submitted in 1975 were published. 

So, from a modest beginning, solely as a report of 
staff meetings, Mayo Clinic Proceedings is now a 
diversified medical journal of national and inter- 
national distribution and recognition. Contributions 
by staff and residents of Mayo Clinic and Mayo 
Foundation remain the major but not the only source 
of its contents. Its growth and development over a 
period of 50 years attest to its reception in the medical 
world. | believe that Dr. Will and Dr. Charlie 
would wish to join many others in expressing 
appreciation and congratulations to all who have 
contributed to an achievement far beyond any 
original expectations. 
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Of Acceptable Risk (Science and the 
Determination of Safety), by William 
W. Lowrance, 191 pp, with illus, $4.95, 
Los Altos, CA: William Kaufmann, 1976 


There is an irony common to many edu- 
cational experiences wherein the most 
stimulating lecture or the most helpful 
review appears to tell us nothing that is 
new. When the logic is solid, the presen- 
tation of information clear, and the pace 
appropriate we often believe we know it 
all, even as it unfolds. | felt this way about 
the present book. 

Lowrance is a chemist who wrote the 
book whilst Resident Fellow of the Na- 
tional Academy of Sciences (1973 to 
1975), under the general guidance of a 
blue ribbon committee comprising the 
Panel on Science and the Determination 
of Safety. With resolute objectivity, he 
addresses the questions, by whom, by 
what means, and when should judgments 
be made as to what is safe and what is 
not? His definition: “A thing is safe if its 
attendant risks are judged to be accept- 
able,” The scope is broad—foods and 
drugs, occupational hazards, ionizing 
radiation, health risks from manufactured 
goods, and ecologic consequences of 
waste are all considered. These issues 
clearly bring up questions of fact and 
questions of value judgment; the two are 
separated clearly and logically. Im- 
portant but distracting social aspects such 
as personal or corporate carelessness, 
selfishness, and dishonesty are delib- 
erately avoided. 

After the Introduction, Chapter 2 dis- 
cusses measuring risk. The scientific 
method is described with beautiful sim- 
plicity; statistics, epidemiology, occupa- 
tional hazards, and problems in human 
experimentation are discussed. Chapter 
3 shifts emphasis to the value aspects 
and is entitled “Judging Safety.” Chapters 
4 and 5 examine the logistics and inher- 
ent problems of legislative, executive, and 
judicial aspects of safety. Chapter 6 is a 
detailed review of the DDT story, an ex- 
cellent example that summarizes all that 
has been said. 

A special point concerns the ambivalent 
role of the scientist, as both expert wit- 
ness and member of society. Lowrance 

quotes from Eugene Rabinowitch: “Sci- 
entists . . . and physicians should render 
their conclusions without presumption as 
to what point of view they are to defend. 


If... their conclusions begin to be af- 
fected by extra-scientific reasons . . . they 
must have intellectual honesty [and state 
that] from here on I will speak also as 
an... ideologically committed citi- 
Zen ner 

This book gives us a lead toward the 
objectivity needed for such an approach. 
However, it offers even more to the non- 
expert by giving in simple style both the 
data and dilemmas and the scientific and 
moral issues that must be considered be- 
fore society can answer these complex 
questions. The author aims for a ‘‘di- 
verse readership.” | believe this could 
well extend to all responsible members 
of society and would like to see some- 
thing like this book listed as required 
reading for all high school seniors. 


Sidney F. Phillips, M.D. 
Division of Gastroenterology 
and Internal Medicine 


The Kidney, Volumes | & II, edited by 
Barry M. Brenner and Floyd C. Rector, 
Jr., 2,064 pp, with illus, $85, Philadel- 
phia: W. B. Saunders Company, 1976 


This multiauthored textbook of nephrology 
succeeds in presenting comprehensive re- 
views of the basic sciences that underpin 
nephrology and of the pathogenesis and 
pathophysiologic consequences of renal 
diseases and their management. Most of 
the authors have produced timely, exten- 
sively referenced chapters, some of which 
will become classics. 

A few authors have failed to present 
a balanced view, relying too heavily on 
their own personal investigative results 
and underemphasizing the equally com- 
pelling data or viewpoints of other in- 
vestigators. In a less scholarly textbook 
this would not be a valid criticism. In 
this book it is a disappointment. 

Although it is not easy to read, the book 
is worth studying. The effort involved in 
reading derives mainly from the decision 
to make each chapter a thorough review 
of the literature. The reader may occa- 
sionally be distracted by lines where more 
space is devoted to numerical referencing 
than to text. The student is rewarded 
by the high quality of reference articles 
cited. This is a valuable source of ref- 
erence material not otherwise available in 
collected form. 
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There is something for everyone in this 


textbook. It has to appeal to professionals 
of highly varied interesis and backgrounds, 
so many will find some chapters too com- 
plex or not consonant with their interests; 
these may be easily left for another 
time (or be unread). 

When one applies the test of relevance 
to practice in the hospital setting, the book 
stands up well. In some areas, science is 
overstressed at the expense of helpful clini- 
cal information but this could be corrected 


in succeeding editions : 

Among my colleagues, various chapters 
have their champions, but there is wide- 
spread agreement that in each section 
there are superior examples of the art. 
The editors have done a marvelous job 
in bringing forth such a collection of 
chapters, which stand well alone and yet 
are so well cross-referenced. 

On balance, this textbook of nephrology 
has no current equal. Adequate review 
will require comparison with the forth- 
coming third edition of Strauss and Welt’s 
Diseases of the Kidney (Little, Brown & 
Company). In the meantime, and per- 
haps even after, Brenner and Rector’s 
The Kidney must be regarded as the best 
reference textbook available in nephrol- 


ogy. 


Cameron G. Strong, M.D. 
Division of Nephrology and 
Internal Medicine 


Non-invasive Cardiac Diagnosis, by Ed- 
ward K. Chung, 331 pp, with illus, $18, 
Philadelphia: Lea & Febiger, 1976 


This text adequately achieves its primary 
goal of describing common noninvasive 
cardiac diagnostic problems frequently 
encountered in daily practice. Sixteen 
chapters cover a wide variety of non- 
invasive topics including discussions of 
electrovectorcardiography, exercise 
electrocardiographic stress testing, com- 
puter electrocardiography, echocardiog- 
raphy, phonocardiography, systolic time 
intervals, and drug level determinations. 
Eighteen contributors have provided a 
wide variety of expertise. 

At its onset, the editor indicates that 
this text is intended to be clinical, con- 
cise, and practical to assist all physicians 
directly in their daily care of patients with 
common cardiac problems. Despite some 
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of the problems of touching lightly on a 
wide variety of noninvasive subjects, this 
text certainly achieves much of its goal by 
providing concise clinically oriented dis- 


cussions. Many areas, such as nonin- 
vasive roentgenographic studies, phono- 
cardiography, and systolic time intervals, 
are thoroughly and adequately covered. 
Because of ‘heir rapid expansion, other 
areas such as echocardiography are rep- 
resenied only a preliminary and in- 
compiete discussion. 

On: ect which, unfortunately, is 
neg! © significantly is that of congenital 
heart disease—which is provided only 
brief a: ursory review under echocardi- 
ography. Most of the references provided 
are relatively recent and extend through 


1974 with a few from 1975. These are 
ceriainly adequate to suffice for most of 
the topics presented. 

Overall, this text represents an excel- 
lent primer for the student in cardiovas- 
cular diseases and for practicing physi- 
cians. It offers an excellent and concise 
review of commonly used noninvasive 
diagnostic methods for cardiac diseases. 


Donald J. Hagler, M.D. 
Division of Pediatric Cardiology 


The Illustrated Manual of Sex Therapy, 
by Helen Singer Kaplan, 193 pp, with 
illus, $14.95, New York: Quadrangle/ 
The New York Times Book Company, 
1975 


“For proper sexual functioning to occur a 
person must not only be free of intense 
negative affect but must also be free of 
excessive cognitive control. . . . This is al- 
so true of other biological functions which 
are controlled by the autonomic nervous 
system. Digestion, respiration and cardio- 
vascular functions are similarly inner- 
vated by the visceral nerves and are simi- 
larly subject to impairment by emotional 
and cognitive factors.” Kaplan made this 
Point compellingly in The New Sex Ther- 
apy (Quadrangle, 1974). Considering sex- 
ual dysfunction as a true psychophysio- 
logic disorder, she gave scientific basis 
for a flexible, multifaceted treatment pro- 
8'am—educational, psychotherapeutic, 
Marital, and experiential. 
Nee beautiful volume supplements The 
aa Sex Therapy. It is intended to help 
cing Toners, teachers, students of medi- 
Ayan psychology, and patients them- 
stacles to understand and overcome ob- 
sexual a full sexual function. Six main 
treatm isabilities are discussed and their 
frigidi, is described and illustrated: 
Vaginism female orgasmic dysfunction, 
tion, an Us, impotence, retarded ejacula- 
is pr ies Premature ejaculation. Kaplan 
ay and specific about “how we do 
ayne Whitney Clinic—even to 


the point of “how to ask it” and “how 
to say it.” The beautiful line drawings 
by David Passalaqua artistically add the 
“show” to the “tell.” The result is a 
valuable handbook for the consulting 
room of any sex therapist. 

In a closing chapter, the author is 
“uneasy” that her presentation may have 
been “too mechanical.” I do not be- 
lieve this is the case. Kaplan alludes 
repeatedly and persistently to intrapsychic 
and dyadic factors that influence sexual 
behavior, and the reader has no doubt 
that psychodynamics can be critically im- 
portant. However, the “mechanical” na- 
ture of the book is its greatest value for 
psychotherapists who can “cure” con- 
flicts competently yet remain impotent 
when faced with their patients’ sexual 
disabilities. “How to do it’ is sufficient 
and praiseworthy in any manual. For 
the reader who needs and wants more, 
Helen Singer Kaplan’s previous publica- 
tion will serve admirably. 


Neal E. Krupp, M.D. 
Department of Psychiatry 
and Psychology 


Electrocardiographic Excursions: Vul- 
garia et Exotica, by Leo Schamroth, 
170 pp, with illus, $31, Oxford: Black- 
well Scientific Publications, 1976 


Schamroth has not written a primer on 
basic electrocardiography but rather a 
book specifically designed to focus on 
essential features of electrocardiography. 
The text is cleverly laid out with clear 
succinct illustrations for each electro- 
cardiographic abnormality displayed. 
Adequate references are supplied to sup- 
port the narrative. 

For anyone who has been a follower 
and fan of Sherlock Holmes, the book 
has considerable value as deductive en- 
tertainment. The simplicity of the text 
coupled with its entertaining presentation 
makes for easy reading. Unlike most text- 
books on electrocardiography, this one 
left me with a feeling of enjoyment 
after having read through it. 

The textbook has limited appeal for 
those looking for detailed basic under- 
standing of electrocardiographic physiol- 
ogy and certainly should not be con- 
sidered a mandatory textbook for one’s 
personal library of cardiology reading. 
But for the student of electrocardiog- 
raphy who wishes to spend a few happy 
hours reviewing the subject in a lighter 
vein, this text has many specific point- 
ers, clearly and entertainingly presented. 

The brevity of the text does not allow for 
extended study of any one subject. 
| believe that the author, in dedicating 
his book to Sherlock Holmes, has created 

a pleasing work that lives in the tradition 
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of A. Conan Doyle’s works. Inspection, 
appreciation of detail, and deductive rea- 
soning—the tools of Sherlock Holmes— 
are applied here with pleasing finesse 
to the 50 ECG problems presented. The 
quotation included by the author and at- 
tributed to Holmes perhaps best summar- 
izes the essence of the message in this 
book: “How often have | said to you, 
that when you have eliminated the im- 
possible, whatever remains, however im- 
probable, must be the truth.” We can al- 
most hear the echoed added statement, 
“It's elementary, my dear Watson.” Elec- 
trocardiography has been enhanced by this 
well-written text and my congratulations 
go to its author. 


Gerald T. Gau, M.D. 
Division of Cardiovascular 
Diseases and Internal 

Medicine 


Clinical Implications of Air Pollution Re- 
search, edited by Asher J. Finkel and 
Ward C. Duel, 411 pp, with illus, $20, 
Acton, MA: Publishing Sciences Group, 
1976 


The chapters of this careful review of the 
literature are written by well-established, 
seasoned clinicians who have screened 
some of the major contributions to the 
field. The book is divided into five parts, 
covering respiratory diseases, cardiovas- 
cular diseases, immunology (including 
hypersensitivity and host defense), the cen- 
tral nervous system and sense organs, and 
illnesses of children. 

In part one, Shy reviews the epidemio- 
logic evidence for the incidence of lung 
cancer in the urban environment. He sites 
demographic data related to population 
density, smoking habits, urban and rural 
types of pollution, and the prevalence 
and incidence of lung cancer. There is 
a section devoted to the changes in respira- 
tory epithelium induced by BENZO (a) 
PYRENE, especially metaplasia. Selikoff 
and Shubik discuss the role of particulate 
air pollution in lung cancer. The re- 
mainder of this section is devoted to dis- 
cussions on the chemical and physical 
properties of particular pollutants, the 
need for and the implications of further 
research in air pollution, and respiratory 
diseases. One leaves this section with 
more appreciation of the complexity of 
interactions between pollutants, their wide 
variety, and biologic variations observed 
within the population. 

Although the section on cardiovascu- 
lar diseases covers many of the key issues 

in air pollution, it is not all-inclusive. It 
tends to focus on the role of carbon monox- 
ide with respect to angina pectoris, inter- 
mittent claudication, hemodynamics, and 
the performance of cardiac patients under 
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the influence of various loads of carbon 
monoxide. To the book’s credit, the little- 
discussed effect of carbon monoxide on 
the susceptibility of the heart to arrhyth- 
mias such as fibrillation is reviewed by 
De Bias. These discussions are sum- 
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Certainly, the impact of air pollution 
touches more than the human population 
if it involves the flora and the fauna that 
enter our food chain. It might have 
been helpful had some discussion been 
given to this aspect. So little is known 


covers thoroughly the etiologic agent 
for the disease process and the various 
treatment modalities available. A fine 
chapter on urinary tract infections is pre- 
sented and the concept of host resistance is 
explained; this concept is the basis for 


marized and placed in proper perspec- about the effects of air pollution on preg- current urologic management of factors 
tive by the participants, especially Boyle, nancy that one wishes that what data are leading to urinary tract infection and, as 
at the end of this section. It is regrettable available had been mentioned. Our with many concepts of urodynamics, was 


that this section did not devote some space 
to reviews of the impact of sulfur dioxide, 


society certainly needs further studies of 
this nature. Several times in this volume 


also an original contribution of the authors 


of this chapter. 


the oxides of nitrogen, and the nonspecific reference was made to pollutant inter- It has been a pleasure to review this 
stresses of irritants upon the cardiovascular actions and their health sequelae. This welcome addition to ti erary armamen- 
volume is laudable and serves as a good tarium of the urologi: For the 


system. 


source for certain key studies. 


price asked, the bo contains a vast 


In part three, the ever-burgeoning col- quantity of fundamen vledge. It 
lection of information in the medical litera- vernon Nopodson, M.D. € certainly should be > text to 
ture related to immune mechanisms and lvision of Preventive Medicine anyone who desires 2 lu concisely 
pulmonary diseases is addressed. The and Internal Medicine presented volume of urologic core ma- 


intimate biochemical composition of the 
lung and the properties of air pollutants 
are reviewed by Greene, whose obvious 
understanding of this field is noteworthy. 
The bronchospastic reaction is reviewed 
in an attempt to clarify relationships be- 
tween various forms of air pollution and 
adults and children, from studies in Japan. 
A considerable case for the allergic mech- 
anisms was made by Meyer. The rela- 
tions of host defenses altered by pollut- 
ants to susceptibility to infectious diseases 
caused by viruses, bacteria, and fungi 
are explored. 

In part four, the impact of air pollut- 
ants on the central nervous system and 
sense organs is discussed. Unfortunately, 
the time-lag between the effects produced 
by low levels of some air pollutants makes 
progress in this area difficult. It is always 
a problem to decide whether one is ob- 
serving the accumulated damage to the 
nervous system or a progressive increase 
in body burden of the toxicant, as in the 
case when lead produces chronic low- 
level intoxication. 

The fifth section is devoted to children. 
As most toxicologists know, the response 
of children often differs from that of adults. 
Children are usually more susceptible. 
The pollutants considered are particulate 
matter and sulfur oxides. Note is taken 
of the peculiar difficulties encountered 
in mass surveillance of the pediatric age 
group and the fact that data obtained by 
different pulmonary function techniques 
are not directly comparable. 

Two special contributions are note- 
worthy. One is written by Todd and re- 
lates to man’s efforts at environmental 
control, especially those made in the 

United States under the Clean Air Act 
and similar statutes, and the competing 
interests whose economic gains may be in 
jeopardy. The other special contribution 
is by Congressman Brown, in which he 
describes air pollution as a social disease. 
Brown discusses legislation, voluntary 
control, the economic impacts of air pol- 


Fundamentals of Urology, by Jack 
Lapides, 609 pp, with illus, $17.50, 
Philadelphia: W. B. Saunders Com- 
pany, 1976 


Nesbit’s Fundamentals of Urology has 
been a favorite of urologic students and 
residents for many years. This current 
edition by Lapides and 22 coauthors 
again provides an excellent current source 
of urologic core material for the develop- 
ing urologist. The variety of subjects 
should also make this text an excellent 
reference for the nephrologist, general 
surgeon, or family physician—indeed, for 
anyone seeking information on urologic 
diseases. 

From the initial and incomparable re- 
view of genitourinary anatomy, the sub- 
jects are handled in a fundamental and 
complete fashion so that the topics are 
understandable to the neophyte as well as 
to the advanced student. Genitourinary 
pathology, a topic often omitted or in- 
adequately presented in other urologic 
texts, is thoroughly covered in two chap- 
ters. This provides an excellent reference 
for the pathophysiology of benign and 
malignant diseases affecting the urinary 
tract. 

Basic to all urology is the physiology of 
micturition. Many of the current con- 
cepts of urodynamics and the process of 
micturition originated through work done 
at the University of Michigan, and these 
topics are thoroughly covered in the text. 
Additionally, abnormalities of micturition 
resulting from neurologic or metabolic 
disease are thoroughly presented, de- 
picting their resultant urodynamic profiles. 
With an understanding of these urody- 
namic changes, the authors present cur- 
rent treatment programs for each ab- 
normality. 

As the authors have stated, the book is 
intended mainly for the developing 
student of urology; thus the remainder of 
the chapters deal with the individual 


terial. 


David M. Barrett, M.D 
Department of Urology 


lution, the constraints imposed by interest 


= groups, and the controversies that result. maladies of urologic practice. Each topic 
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